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Standard Practice for
General Techniques of Gas Chromatography Infrared (GC/
IR) Analysis *

This standard is issued under the fixed designation E 1642; 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 3. Terminology

1.1 This practice covers techniques that are of general use in 3.1 Definitions—For definitions of terms and symbols, refer
analyzing qualitatively multicomponent samples by using ao Terminology E 131 and Practice E 355.
combination of gas chromatography (GC) and infrared (IR) o
spectrophotometric techniques. The mixture is separated inty Significance and Use
its individual components by GC and then these individual 4.1 This practice provides general guidelines for the proper
components are analyzed by IR spectroscopy. Types of GC-IRractice of gas chromatography coupled with infrared spectro-
techniques discussed include eluent trapping, flowcell, anghotometric detection and analysis (GC/IR). This practice

eluite deposition. assumes that the chromatography involved in the practice is
1.2 The values stated in Sl units are to be regarded as thadequate to separate the compounds of interest. It is not the
standard. intention of this practice to instruct the user how to perform gas

1.3 This standard does not purport to address all of thechromatography properly.
safety concerns, if any, associated with its use. It is the )
responsibility of the user of this standard to establish appro->- General GC/IR Techniques

priate safety and health practices and determine the applica- 5.1 Three different types of GC/IR technique have been

bility of regulatory limitations prior to use. used to analyze samples. These consist of analyte trapping,
flowcell, or lightpipe, and direct eluite deposition and are
2. Referenced Documents presented in the order that they were first used.
2.1 ASTM Standards: 5.2 The GC eluent must not be routed to a destructive GC

E 131 Terminology Relating to Molecular Spectroscopy detector (such as a flame ionization detector) prior to reaching
E 168 Practices for General Techniques of Infrared Quantithe IR detector as this will destroy or alter the individual
tative Analysig components. It is acceptable to split the eluent so that part of
E 260 Practice for Packed Column Gas Chromatogréphy the stream is directed to such a detector or to pass the stream
E 334 Practice for General Techniques of Infrared Mi-back to the detector after infrared analysis if such techniques

croanalysi$ are feasible.
E 355 Practice for Gas Chromatography Terms and Rela- 5.3 Eluent Trapping TechniquesAnalyte trapping tech-
tionships nigues are the least elaborate means for obtaining GC/IR data.
E 932 Practice for Describing and Measuring Performancén these techniques, the sample eluting from the chromato-
of Dispersive Infrared Spectrometérs graph is collected in discrete aliquots to be analyzed. In
E 1252 Practice for General Techniques for Qualitativeutilizing such techniques, it is essential that a GC detector be
Infrared Analysié employed to allow definition of component elution. If a

E 1421 Practice for Describing and Measuring Performancelestructive detector is employed, then post-column splitting to
of Fourier Transform Infrared (FT-IR) Spectrometers:that detector is required. GC fractions can be trapped in the

Level Zero and Level Orfe condensed phase by passing the GC effluent through a solvent,
E 1510 Practice for Installing Fused Silica Open Tubulara powdered solid, or a cold trap for subsequent analysis (see
Capillary Columns in Gas Chromatographs Practice E 1252)1).# Vapor phase samples can be trapped in a

heated low-volume gas cell at the exit of the GC, analyzed,
then flushed with the continuing GC effluent until the next
aliquot of interest is in the gas cell when the flow is stopped

1 This practice is under the jurisdiction of ASTM Committee E13 on Molecular again for analysis(Z). Since the analyte of interest is static
Spectroscopy and is the direct responsibility of Subcommittee E13.03 on Infrared

Spectroscopy. when employing an analyte trapping technique, the spectrum
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can be recorded using a long co-addition time to improve thafter the flowcell to that of a GC detector in the absence of a
signal-to-noise (SNR) ratio. However, in analyte trapping,flowcell, or by comparing the GC/IR detector output to the
sample integrity can be compromised by slow decompositiorresults of a suitable alternate analytical technique.

A spectrum should be obtained with a short co-addition time 5.4.3.2 The ends of the light-pipe are sealed with infrared
first, to create a reference spectrum to ensure the integrity dfansmissive windows. The optimum optical transmission is
the spectrum obtained after long co-addition. obtained by using potassium bromide windows, but this

5.4 Flowcell Detection of Vapor Phase Componenishe  Mmaterial is very susceptible to damage by water vapor. As the
most common GC/IR technique is the flowcell or “light-pipe” light-pipe is used, small amounts of water vapor will etch the
technique. The GC eluent stream is monitored continuously itvindow surfaces, and the optical throughput of the windows
the time frame of the chromatography (real-time) by the IRWill drop. Eventually these windows will have to be changed.

spectrometer with the use of a specially designed gas Ceuber_s who prect_to analyze mixtures containing water shOL_JId
called a light-pipe. In this design, the light-pipe is coupledconsider using windows made of a water-resistant material

directly to the GC by a heated transfer line. Individual Such as zinc selenide, but this will result in a noticeable drop in

components are analyzed in the vapor phase as they emerggtical transmission due to optical reflection properties of such

from the transfer line. This technique typically yields low materials.

nanogram detection limits for most analy{8s5). Instruments 5.4.3.3 Usage of the light-pipe at high temperatures may

that include the IR spectrometer, the gas Chromatograpﬁgsun in the gradual buildup of organic char on both the cell

heated transfer-line, and light-pipe are commercially availablevalls and end windows. As this occurs the optical throughput
5.4.1 The rapidity with which spectra of the individual Will drop correspondingly. Eventually the light-pipe assembly

components must be recorded requires a Fourier-transforMiill have to be reconditioned (see 5.4.3.5).

infrared (FT-IR) spectrometer. Such instruments include a °-4-3-4 As the temperature of the light-pipe is raised above

computer that is capable of storing the large amount ofamnie_nt, the_light-_pipe e_mits an increasing amo_unt of infrared
spectroscopic data generated for subsequent evaluation. radiation. This radiation is not modulated by the interferometer

5.4.2 The transfer line from the GC to the light-pipe must beand is picked up by the detector as DC signal. The DC

. . ..~ _component becomes large at the normal working temperatures
made of inert, non-porous material (normally fused silica

. : above 200°C), and lowers the dynamic range of the detector.
tubing) and be heated to prevent condensation. The tempera; . : . _

S . he result of this effect is that the observed interferometric AC
ture of the transfer line is normally held constant during a

- . -signal is reduced in size as the temperature increases and the

complete analysis at a level chosen to avoid both condensatlonb : . i
) ) . observed spectral noise level increases correspondingly. By
and degradation of the analytes. Typical working temperaturersaisin the temperature from room temperature to 250°C. the
are about 100 to 300°C (normally 10°C higher than the 9 P P '

maximum temperature reached during the chromatography) noise level typically doubles; it is recommended that the user
P 9 9raphy)-create a plot of signal intensity versus light-pipe temperature

5.4.3 The light-pipe is normally gold-coated on the interior ¢, reference purposes. As a consequence of this behavior, it
to give maximum optical throughput and at the same tim&y,y pe advantageous to record data using relatively low

minimize decomposition of analytes. The light-pipe dimen-emperatures for both temperature and transfer line for those
sions are typlcqlly optimized so that the volume accommodate_éc experiments that only use a limited temperature ramp.
the corresponding eluent volume of a sharp chromatographi§ome instrument designs include a cold aperture between the

peak at the peak’s full width at half height (FWHH). The |ightpine and the detector to minimize the amount of radiation
light-pipe is heated to a constant temperature at or Sl'gh“Yeaching the detector (see Note(8)7)
higher than the temperature of the transfer line. The maximum

temperature recommended by the manufacturer should not beNote 1—A cold aperture is a metal shield, maintained at room
exceeded. In general, sustained light-pipe temperatures abolfgnperature, sited between the light-pipe and the detector. The infrared

o . . . _pbeam diverging from the light-pipe is refocused at the plane of the cold
300°C may degrade the gold coating and the life of the coatin hield. The cold shield has a circular hole (aperture) of the same diameter

drops quickly with successively higher temperatures. It shoulgs the refocused beam. After passing through the aperture and moving
be pointed out that, if a chromatographic separation requiresvay from this focal point, the beam is again focused onto the detector
that the GC temperature be raised above this level, it may belement. This small aperture shields the detector from thermal energy
necessary to temporarily raise both the temperature of themitted from the vicinity of the hot light-pipe.
light-pipe and transfer line to maximum temperature of the 54.3.5 The optical throughput of the light-pipe should be
chromatography to avoid condensation of the eluent. If this ieriodically monitored since this is a good indicator of the
the case, the temperature of the light-pipe should be reduced terall condition of the assembly. It is important that all tests
a safe level as soon as possible. It must be noted that repeatgd conducted at a constant temperature because of the effect of
temperature changes to the light-pipe and transfer line wilthe emitted energy on the detector (see 5.4.3.4). It is recom-
cause a more rapid aging of the seals and may cause leaksmended that records be kept of the interferogram signal
5.4.3.1 It should be noted that any metal surface inside thetrength, single-beam energy response, and the ratio of two
light-pipe assembly can react with, and sometimes destroguccessive single-beam curves (as appropriate to the instru-
some specific materials (for example, amines) as they elutment used). For more information on such tests, refer to
from the GC. Consequently, it is possible to fail to identify the Practice E 1421. These tests will also reveal when the MCT
presence of such a compound in the mixture. This situation cadetector is performing poorly due to loss of the Dewar vacuum
be identified by comparing the response of the GC detectaand consequent buildup of ice on the detector face. MCT
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detectors, as discussed in this text later, are commonly used fextended co-addition of spectra post-run permits further im-
these experiments as they provide greater detectivity and fastprovement of the signal-to-noise ratio of spectral results.
data acquisition. However, slow sublimation of the analyte recrystallization of

5.4.3.6 Care must be taken to stabilize or, preferablythe sample or ice formation, or both, may occur with direct
remove interfering spectral features resulting from atmospherigeposition techniques. It is prudent to obtain a spectrum with a
absorptions in the optical beam path of the spectrometer anghort co-addition time initially to create a reference spectrum.
the GC/IR interface. Best results will be obtained by purgingThis will ensure the integrity of the spectrum obtained after
the complete optical path with dry nitrogen gas. Alternatively,/onger co-addition times.
_dry air can b_e used f_or the purge g_as_whlch Wlll_lead togl Significant Parameters for GC/IR
interferences in the regions of carbon dioxide absorption (250 _ . _ i i
to 2200 cm* and 720 to 620 cft). Commercially available 6.1 Where the instrumentation used is commercially avail-
air scrubbers that remove water vapor and carbon dioxide alsgP!€; the manufacturer's name and model numbers for the total
provide adequate purging of the spectrometer and GC intef2C/IR system, or the individual components, should be given.
face. In some instruments, the beam path is sealed in thEhe various instrumental and software parameters which need
presence of a desiccant, but invariably interferences from bot}f P& recorded are listed and discussed in this section. In
carbon dioxide and water vapor (1900 to 1400 &will be addition, any modifications made to a commercial instrument
found. If the purge is supplied to the interface when preparindhat affect the instrument’s performance must be clearly noted.

to carry out a GC/IR experiment, the atmosphere must be 6-2 Instrumental Parameters (IR)
allowed to stabilize before data collection commences. Atmo- 6-2.1 Detector—The detectors typically used for GC/IR are
spheric stability inside the instrument can be judged byth€ mercury-cadmium-telluride (MCT) narrow band photode-

recording the single-beam energy response and the ratio of tw§Cctors of high sensitivity, that have a lower frequency limit of
successive single-beam spectra. approximately 700 cit. It is possible to measure spectra to

5.5 Direct Deposition GC/IR-The direct deposition GC/IR ILZT;}ZZC?;LO;&E: g;annd Zogcfgf)?’e:%?]gs:nbm?é 22?;:&& of
technique can follow either of two methods, that of matrix P P ’ Y

isolation (8) or continuous subambient temperature analyteSUCh detectors is significantly lower. The MCT detector should

trapping(9). In both of these methods, the gas chromatographigoégﬁto%efr:[er?a:lnrgsl'gg:]:suﬁimgecgrngts'ognsseaiss tf% Tnﬂn;?g
effluent is passed through a heated transfer line and is deposit g Y g P ' P

onto a cold substrate. These methods permit detection as low 3% n Ifael;c:a;lrgnsl g::tt?lr}s]'ty below the detector cut-off point in the
subnanogram amounts of material. The subambient temperg- 9 P '

ture of the substrate necessitates the use of an evacuatea6 '2'1'.1 Floyvcel.l Temperatum'-_z—qu flowcell GC/IR, the gas
ell or light-pipe is usually maintained at a constant tempera-

chamber to avoid condensation of atmospheric gases. ngre between 200 and 300°C (ca. 10 degrees above maximum

freezing the eluite onto the cold substrate, the components Lmperature of the chromatographic separation) such that
the sample are effectively stored there. It is possible, therefor P grap P

to analyze the sample after the GC/IR experiment has finishe%(;?;gns?ﬁgnagguzr?éﬁezg?jfe n;t tﬂzcggllsseh%lflﬁgl\;v(;r ?gree
as well as perform real-time analyses. ' P y

o . noted with the spectrum.
5.5.1 In the matrix isolation method, a small amount of ¢ 5 1 5 peposition Conditions-For direct deposition GC/

argon is added to the helium carrier gas. The column efiluentigs "6 temperature of the deposition surface and the speed of
directed onto a substrate maintained at a temperature of abot 1qtion should be noted. In the case of matrix-isolation

13K. Argon is condensed to form a solid matrix while the Go/R the ratio of argon gas to helium carrier gas should be
helium carrier gas is pumped away. It is important that anyyiyen “or preferably, for a particular sample spot the ratio of

component eluting from the c;hromatograph is gntrained in thi ample to argon matrix should be given (if known). Spot size
argon matrix at a concentration (<0.2 %) sufficiently low sucho¢ 1o geposit is directly determined by the diameter of the
that each analyte molecule is surrounded by argon atoms and (s jjjary restriction end and the distance separating the restric-

isolated from other analyte molecules. An instrument has beefl,, end from the deposition surface. If these distances are
devised in which the beam from the FT-IR spectrometer pass§g,qwn they should be noted appropriately.

through the track of argon, is reflected from the gold sqrfape, IS' g 2 2 Transfer Line TemperatureThe temperature of the
transmitted a second time through the argon, and is finallyanfer Jine should be noted. This should always be higher
focused onto the detectof8). Additionally, other matrix iy, the highest temperature achieved by the GC oven during
isolation interface devices are available from vendors. the experiment (see 5.4.2), but at or slightly below that of the
5.5.2 In the case of the continuous subambient temperatuigjht-pipe.
trapping method, the sample is deposited directly onto an 6.3 Instrumental Parameters (GE)The success of the
infrared transmissive plate maintained at the temperatureSC/IR experiment is dependent on good chromatographic
sufficient to condense analytes from the eluent. The tempergsractices. It is not the purpose of this practice to discuss those
ture of this substrate is maintained by Peltier cooling or withpractices in detail, but for convenience, a list of the important
liquid nitrogen. The transmissions mode of infrared analysis iS3C parameters to be noted is also given. Refer to Practices
used to obtain the spectroscopic data. E 260, E 355, and E 1510 for proper measurement and report-
5.5.3 Direct deposition techniques provide the advantage dhg of these parameters.
greater sensitivity for real-time measurements. Additionally, 6.3.1 Chromatographic Columna-The length and internal
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diameter of the column, along with the type and thickness obn the selected scanning speed and spectral resolution. Typical
column coating (stationary phase) employed, must all be notedhstrumental operation would permit co-addition of four to ten
6.3.2 Temperature Profile-The temperature profile should scans during each time increment, that is, a discrete infrared
be specified in detall, including any initial delay or final hold spectrum is stored approximately every second. Spectral aver-
time. aging may be performed during post-run data processing. Here,
6.3.3 Carrier Gas—The type of carrier gas used (normally the SNR improvement is limited to the total elution time of an
helium) should be noted. More importantly, the flow rate of theanalyte.
carrier gas must be recorded with its measurement at a 6.4.4 Data Storage ThresholdirgThis function must be
specified oven temperature (normally room temperature) ancecorded if used (see 7.2).
the light-pipe and transfer line at working temperature. The 6.4.5 Additional Processing-If any smoothing functions,
linear velocity of the carrier gas through the column is also &aseline correction algorithms, or spectral subtractions are
useful parameter to note. In addition, some GC ovens arapplied to the spectral data either during acquisition or with
equipped with pressure programming, in order to maintain gost-run data manipulation, these must be reported. It should
specified flow rate as the oven temperature increases. Thix pointed out that most commercial GC/IR instruments
feature maintains the resolution of the chromatographic peakgrovide the operator only a limited control over these functions
as the GC oven temperature is varied, and its presence (and that these functions may be operating automatically. The
absence) should be noted. operator should investigate as to whether an instrument’s
6.3.3.1 Proper care should be taken to be certain that theperational software includes such functions and is configured
carrier gas is clean, that is, free of moisture, carbon dioxide angroperly for data acquisition.
other molecular contaminants. This is particularly important mZ. Software Treatment of Infrared Data

the use of the direct deposition GC/IR method as carrier ga _ _ _
contaminants will co-deposit with the eluite and lead to 7.1 Gram-Schmidt ReconstructierAs each interferogram

contamination of spectral information. is recorded during the chromatographic separation, a method

6.3.4 Injection—The sample size; solvent matrix; solvent called the Gram-Schmidt Reconstructi¢hO, 11) quickly
dilution factor (|f appropriate); injection temperature; and typedetermines the information content of the interferogram. In this
of injection employed, that is, split (with split ratio), splitless, method, a set of scans is recorded before the sample is injected
or on-column, are all critical parameters that must be recordednto the GC. These interferograms are used to create a series of

6.3.5 Chromatographic Detector Employesdf a chromato- basis vectors that represent the instrument background profile.
graphic detector is employed, in addition to the IR analysisPuring the experiment, each stored interferogram is used to
then the following information should be listed: type of generate a similar set of vectors, and a comparison of these
detector, scale expansion on the integrator, and whether tH¥W vectors against the reference set is performed (generally in
detector is serial (after) the light-pipe, or parallel to it by real-time) to give a measure of the presence, or absence, of
side-splitting (in which case the split ratio should be specified)material eluting from the GC, and its relative concentration.

6.4 Software Parameters The resulting plot of vector intensity versus time indicates how

6.4.1 Apodization Function-For Fourier transform infrared  the total infrared absorbance (across the spectral range being
spectrometers, it is recommended that an apodization functiof€asured) changes during the experiment. This is called the
be applied to the interferograms before computation of spectr&pram-Schmidt reconstructed chromatogram and, is similar in
data. Suitable apodization functions include triangular, Beer@Ppearance to the response from a flame-ionization or thermal
Norton medium, Happ Genzel, and cosine. conductivity detector. This chromatogram is normally dis-

6.4.2 Spectral Resolutior-A compromise between the Played on the computer screen or the plotter.

SNR of a spectrum and its information content leads to an /-2 Data Storage ThresholdirgWith older instruments the
optimum resolution for GC/IR spectra of 8 chif recorded in V€Y large amounts of spectra recorded during a typical GC/IR

real time, and 4 ciit if recorded subsequently on a trapped €xPeriment are more than can be stored with the available
sample (see Note 2). computer. Because of this, some software sets monitor the

_ S _ ~ signal strength of the infrared data (by using the Gram-Schmidt
Note 2—Most conventional light-pipe GC/IR instruments are opti- reconstructed chromatogram), and will only store spectral data

mized to record a spectrum_at 8-chnesolution in approximately 1 s. This when a peak from the GC exceeds a preset threshold value, that
allows for adequate sampling of the spectral data as a chromatographic

peak flows through the light-pipe. Thus, the optimal SNR is obtained for>: dlscontlngous spectral storage. It 'S_pOSSIble that, if a minor
spectral data with minimal loss of chromatographic resolution. component is not detected during elution, no spectral data are
When examining samples by cryogenic deposition GC/IR, real-timeStored for it. With current computer data storage capabilities,
data are again optimally collected at 8-¢nresolution for the above data storage thresholding is largely ignored, as the typical
reason. When employing post-run signal averaging, however, data a@C/IR files sizes (up to 30MB) are easily accommodated.
normally collected at a better resolution (such as 4%rto increase the 7.3 Functional Group Chromatograms As each interfero-
info_rmation content of Fhe spectra, and a\_Iso to match the resolution obram is recorded, it may be converted to a spectrum in
available spectral libraries sitable for solid-phase samples. real-time. In this case, a useful operation is to integrate selected
6.4.3 Spectral Co-additior-During real-time data acquisi- regions of the spectrum immediately, and to present these to
tion it is normally advantageous to co-add several scans peahe screen display or plotter, along with the GramSchmidt
time increment (generally, a 1-s time frame) to improve thereconstructed chromatogram. Commonly selected regions of
SNR of the result. The actual number of co-additions dependghe infrared spectrum, and some selected functional groups that
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can be monitored in this way are as follows: phase reference spectra where the samples have been prepared either as
Saturated Hydrocarbon: 3000 to 2850 cm™* KBr disks or mineral-oil mulls. If the library available was recorded for a
Carbonyls: 1800 to 1650 cm™* different phase, then problems can be minimized by setting the computer
Ethers and Esters: 1300 to 1000 cm™* search to ignore data above 2000¢m
Unsaturated and Aromatic Hydrocarbons: 3150 to 3000 cm™* . . .
Unsaturated Hydrocarbons: gso t© 700 om-1 7.5 Spectral Subtractior-With the advent of Fourier-

) transform spectrometers, this mathematical tool may be used to

7.4 Spectral Searching-The normal purpose of the GC/IR improve the quality of match before performing a spectral
experiment is to identify the individual species that arésearch and has proven very useful in resolving analytes eluting
separated by the GC experiment. In order to do this, absolys gverlapping chromatographic peaks. Additionally, the spec-
bance spectra of each component are generated, either aufgim of a reference material, in absorbance, may be subtracted
matically or with operator attention. These spectra are thepy computer from the absorbance spectrum of a mixture until
compared individually to a library of pure compound spectraghe contribution of that reference spectrum is removed from the
that is stored on the computer disk. The computer uses one ghectrum of the mixture. In this manner the spectrum of the
several algorithms to correlate which library spectra_match th%ure sample can be obtainedowever, this procedure should
sample spectrum most closely, and to rank these in order Qfyly pe used when poor results are obtained in its absence. It
their match quality. should be cautioned that invalid results can be obtained from

7.4.1 It should be stressed that the results of a computémproper subtraction, especially when the spectrum recorded
search cannot be relied upon to always give the correct answegas of low intensity
Potential problems that the user should consider include 7.5.1 When performing a GC/IR experiment, it is often
incorrect library entries, differences between the temperaturgsossible to generate a reference spectrum of an interferent (for
at which the library and unknown spectra were recordedexample,“ column bleed”) by examining the spectra collected
differences in the phase of sample from which the spectrurglose to the elution time of the eluite peak. Typically, regions
was recorded, absence of the relevant spectrum from thef the chromatogram where no analytes have eluted are
library, low SNR of the measured spectrum, and similarityselected to obtain a reference spectrum of the carrier gas and
between the reference spectra of members of a homologoggntaminants such as column bleed. However, it should be
series. The analyst should therefore always verify the computesointed out that the use of the thresholding algorithm (see 7.2)
result by visually comparing the spectrum of the best matcheguring data collection will generally mean that absorbance
to the spectrum of each sample. spectra of baseline regions cannot be generated for this purpose

7.4.2 An important parameter to be considered when utilizsince no data were stored at that time.
ing spectral searching is the search algorithm being employed. 7.5.2 If the absorbance spectra generated contain significant
Some algorithms, such as the Euclidean algorithm, match thgpectral interferences from atmospheric water vapor or carbon
spectrum point by point with each entry in the database. Thiglioxide, then a reference spectrum of one or both of these
method takes into consideration the relative intensity, shape&ompounds may be subtracted from the spectrum of each peak.
and frequency of each spectral feature, but places the heavieBtpically, these interferences will be observed also in the
importance on strong, broad features. If the derivative of thespectra of the baseline (where no analytes are eluting), so that
spectrum is compared to the derivative of each library entrya reference spectrum may easily be generated close to the
however, emphasis is placed instead on the peak frequencieseifition time. It is sometimes possible to have the software
sharp bands. Any shifts in peak frequencies between thautomatically remove spectral contributions from both of these
spectra of the sample and standard will therefore lead to po@omponents.
matches when using the derivative algorithm. When consider- 7.5.3 If the chromatographic peak of interest is close to or
ing which algorithm to use, the sharpness of spectral featuresverlapping the strong peak due to the eluting solvent, then
and similarity in physical conditions of the sample andspectral subtraction should be employed to remove contribu-
database standards should be taken into account. As sevet@ns from the solvent in the spectrum of that peak.
search algorithms are available, it is important to understand 7.5.4 The spectra of chromatographic peaks should be
how each one operates upon the spectral data and libraigspected for the contamination of the eluent by “column
databases to obtain effective use of spectral searching. bleed,” especially towards the latter part of the experiment

7.4.3 It is common practice for users to generate their ownyvhen the oven is the hottest. Typically, this bleed is made up of
libraries containing spectra of samples that they expect téilicones, that show a sharp, strong infrared absorption band
analyze on a routine basis. These spectra can then be obtain@@se to 1260 cat, with broader, very intense absorptions in
under identical conditions to those used for the GC/IR experithe region of the spectrum between 1200 and 1000"cemd
ment. Recommendations for the generation of reference data fhWeaker band near 800 ¢ If such evidence is observed,
spectral libraries are available (see Note(R)). then a suitable reference spectrum may normally be generated

from the neighboring baseline and be subtracted from the

NoTe 3—Lipraries_ of spectral data are_ avail«_‘:\ble_from CommerCi.alspectrum Corresponding to each peak_ Similar problems can
sources. For light-pipe GC/IR the most suitable libraries are those Whlc%'ﬁo arise from “septum bleed” when using on-column injec-

contain spectra recorded using gaseous samples. Condensed phase G o . . :
data are generally matched against spectra recorded for solid pha; é)LT(,:kItbiIIT" ﬁﬂ'(]);(s:'lglre to avoid these by using a septum-free,

samples. Similarly for matrix-isolation GC/IR, a library of matrix isolation : . .
reference spectra should be used. For subambient temperature analyte’-5.5 On occasions, two chromatographic peaks will elute at
trapping, it is often possible to use the much larger libraries of condensedsimilar times, so that they overlap each other. Since the width
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of each individual peak is typically several seconds, it is oftertemperature should be held at 60°C for 5 min after injection,
possible to generate separate spectra of the leading edge aheén ramped at 30°C/min to 150°C and held at this temperature
trailing edge of the overlapped region. Depending on theor 5 min. Under these conditions the isobutylmethacrylate will
difference in elution times between the two peaks, these twelute after about 4 min. The noise level in the region between
spectra may represent the two pure compounds, or mixtures @00 and 2100 cit should be ratioed to the peak height of the
both. In the latter case, variable-ratio subtraction of thel740-cm?* ester band of the methacrylate, and this value for
spectrum of the trailing edge from that of the leading edge willsignal-to-noise ratio recorded. Under normal conditions, the
give the spectrum of the pure compound that elutes first, andeak absorbance near 1740 ¢nwill be about four milli-
vice versa absorbance units (dependent on the light-pipe dimensions).
8.1.3 For the cryogenic deposition systems a more complex
8. Standard Samples mixture of three components is recommended. These com-
8.1 A standard test solution should be used on a regulasounds should have a range of polarities, have their strongest
basis to test the instrument response and indicate whehfrared absorptions in different regions of the infrared spec-
problems have occurred with either the IR spectrometer or thgum, and be well resolved chromatographically. A suggested
GC. The parameters discussed in Section 6 need to b@ixture is isobutylmethacrylate, 3-ethyl phenol, and dodecane
reproduced exactly each time. The actual sample, and concefirade by dissolving 1 pL of each component in 250 mL of
tration of the test mixture used will depend on the type ofhexane. This mixture should be stored and handled in accor-
analysis being performed. The test procedure involves calcuance with 8.1.2. A test mixture of 1.8 uL is injected using a
lation of the SNR of the GC/IR spectrum of the test samplespm ratio of 30:1, to give approximately 270 pg of each
recorded on-the-fly. During this procedure the SNR may b&omponent for the analysis. A15-m DB-5 column with
calculated in terms of either peak-to-peak noise or root-mearp.25-mm inside diameter and 0.25- um coating thickness is
square noise, but the method used to generate the SNR mustfpged. The injection temperature is 250°C. The oven is held at
specified. The user is also referred to the instrument docume0°C for 2 min, then ramped at 20°C/min up to 160°C. All
tation supplied by the equipment manufacturer. components will typically elute in less than 8 min under these
8.1.1 The recommended standard sample for a vapor-phagenditions. The observed absorbance will depend on the
GC/IR system is a dilute solution of dodecane in hexane. Adeposition method being employed.
typical test mixture is made by adding 2.6 pL of dodecane to
100 mL hexane solvent, and then injecting a 1-pL sample of th8- Sampling Criteria
mixture using splitless or on-column injection. This gives an 9.1 The sampling criteria for the various GC/IR techniques
injection of 20 ng of dodecane. A typical GC column is a 30-mdepend on the application of the analysis. The advantages and
DB-5 column, having 0.32-mm internal diameter (ID) and disadvantages of each sampling technique are discussed (see
0.25-pum coating thickness. A helium flow rate of 6 mL/min is Section 5) and these must be taken into consideration when
recommended. The GC/IR light-pipe and transfer line shouldietermining the best method of combined separation and
be maintained at 250°C. The oven temperature should be heldentification for a particular analysis.
at 40°C for 1 min after injection, then ramped at 25°C per o )
minute to 240°C, and held at this temperature for 3 min. Undeft0. Qualitative Information
these conditions the dodecane will elute after about 7 min. The 10.1 In the GC/IR analysis the infrared spectrometer acts as
noise level in the region of the infrared spectrum between 2008 GC detector. When using an FT-IR spectrometer there are
and 2200 critt should be ratioed to the peak height of the several different chromatographic representations that may be
2930-cm* band of the dodecane, and this value for signal-to-obtained from the on-line data collection in order to assist the
noise ratio recorded. Under normal conditions, the pealanalysis. The Gram-Schmidt reconstructed chromatogram (see
absorbance near 2930 chwill be about six milli-absorbance 7.1), which resembles the traditional GC detector chromato-
units (dependent on the light-pipe dimensions). gram, can be used for location of spectroscopic data files
8.1.2 An alternative standard solution is isobutylmethacry-having the spectrum of each component. Infrared functional
late in hexane. However, it should be noted here that isobutylgroup chromatograms (see 7.3) can selectively detect com-
methacrylate suffers two drawbacks as a standard material. It ounds having desired functional groups, or separate data for
subject to polymerization over time, and so it is advisable tacompounds that elute together.
use a fresh solution if possible, as even under refrigeration the 10.2 Spectral identification by data base searching is a
solution is good for only about one month. Secondly, it is arecommended step in the GC/IR analysis. Best results will be
toxic, lachrymatory substance that should only be handled imbtained when the physical state of the standards used to create
its pure form and always with suitable precautions. Thisthe data base matches that of the analyte. In particular, vapor
alternative standard is prepared using 2.2 pL of isobutylphase GC/IR should be used in conjunction with a data base
methacrylate in 100 mL of hexane (20 ngiL In this case the recorded for gaseous standards, where the standards were held
observed noise level in the spectrum between 2000 and 222G elevated temperatures, if available. Matrix isolation GC/IR
cm * should be ratioed to the peak intensity at about 174Gesults should be used in conjunction with a database recorded
cm L. A 1-uL splitless injection is made. The suggested GCfor standards deposited in a similar fashion using the same
column is a 30-m SE54 column having 0.32-mm insideinstrument type, temperature Ar/He ratio, of the analyte depo-
diameter and 0.25-pum coating thickness. The GC/IR light-pipesition. Similarly, the best results for subambient temperature
and transfer line should be maintained at 180°C. The ovedepositions is to use a reference database collected in the same
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fashion as the analyte deposition or use a condensed phasell.4 When using analyte trapping techniques, estimates of
spectral database. sample quantities can be complicated by the possibilities of

10.3 For a more reliable validation of the identity of a sample condensation or degradation in the vapor phase, or by
chromatographic peak, a suitable reference sample should lsample sublimation or recrystallization in the condensed phase.
examined by GC/IR using identical conditions. In this proce- 11.5 Integration across the appropriate spectral region or
dure, it is important that the chromatographic retention timesimply measurement of peak height from the Gram-Schmidt
be matched, as well as the spectra of the unknown and threconstructed chromatogram can also be used for quantitation.
reference. Alternatively, other analytical techniques can b&hese methods can yield values of good precision and accuracy
used for verification of the identity of the unknown sample. and are similar to quantitation of GC d&tHL).

11. Quantitative Information 12. Record of the Data

11.1 Quantitation of data obtained by light-pipe GC/IR has 12.1 It is recommended that the raw spectroscopic data be
been a concern in the past. The infrared beam passing througkored if physically possible; otherwise the computed spectra
a light-pipe may undergo a number of reflections inside theshould be saved.
path, and thus have an indeterminate pathlength. However, it 12.2 Storage of Raw Data-All current GC/IR technology
has been show() that the off-axis rays are severely attenu-is based on rapid scanning FT-IR spectrometers. Some of these
ated and so the effective pathlength of a light-pipe is almosinstruments store the raw data as interferograms while the
exactly equal to its length. It has also been shadB) that  others store computed (and ratioed) spectra in absorbance or
when the volume of the light-pipe is equal to the FWHH, (thattransmittance format. These raw data may be as much as 30
is, the usual GC/FT-IR criterion), the maximum quantity of megabytes, or even more, depending on the data format,
sample in the light-pipe is less than 80 % of the injectedcomputer word length, and length of the chromatography
quantity, and the concentration changes rapidly with time (seexperiment. Ideally, the raw data should be stored on a
Note 4). Because the sample concentration varies appreciabiifagnetic or optical media such as a hard drive, tape backup or
during the measurement for the vapor phase GC/FT-IR sanread/writable compact disk. In this case, the relevant back-
pling, it may result in spectra that have a low accuracy ofground single-beam spectrum, vectors calculated for Gram-
frequency and relative absorbance for some bands. Even s§chmidt Reconstruction, and the Functional Group and Gram-
reasonably accurate quantitative information can be obtaine8chmidt chromatograms should all be stored with the data.
by light-pipe GC/IR, and measured values within 10 % of theThese extra files may be required by the software to reanalyze
actual quantities are attainable with careful reproduction othe raw data files. It is very important to store an information
experimental parameters. In order to obtain quantitative result§ije that contains not only the instrumental parameters, as in
comparison should be made to standard samples examin&éction 6, but also a record of the sample identity, solvent
under identical conditions. matrix, and any treatment carried out on the sample.

NoTe 4—To maintain quantitative results for GC/IR data obtained by 12.3 Stqrage of C;omputed Spectrdn add't,'on o the raw .
this technique, the volume of the light—pipe would have to be greater thaflata, as discussed in 12.1, the GC/IR experiment will result in
4 times the full width of the GC peak at half its peak concentration@ Series of infrared spectra corresponding to some, or all of the
(FWHH). This would ensure that all of the known injected amount of chromatographic peaks. These spectra occupy a substantially
sample is in the light—pipe during the measurement, but would severeljower amount of storage space than the raw data, and can often
degrade the chromatographic resolution. easily be saved on a more convenient medium, such as a floppy

11.2 The amount of each material present in the mixture cadisk. Again, all instrument parameters, sample identity infor-
be ascertained from a GC chromatogram generated fromnation, and so forth, should also be stored on the same
detectors other than the GC/IR detector. In this case, themedium. These spectra are then readily available for subse-
quantity of each analyte can be calculated from the GQuent plotting, searching, or other use. It may also be useful to
parameters (that is, flow rate, injected sample quantity, etcgtore them with the raw data, in accordance with 12.1.
and the peak area from the GC integrator if a standard sample 12.4 Spectral Interchange-A universally compatible for-
is available to calibrate the GC response. Quantification bynat for digital storage of data, JCAMP-DX, has been devel-
other detection methods is described by Practices E 168 araped (16). This protocol is generally useful for transferring
should be performed in accordance with that practice. individual spectra between instruments of different manufac-

11.3 It should be noted that the direct deposition techniqueturers, but it is not likely that the very large raw data files will
were designed for low detection limits with small sample be transferable in this way due to limitations of storage space
quantities. If increasingly large sample quantities are injectedind RS232 transfer speed. All instrument manufacturers have
and absorbance values exceed 1 au for any spectral barmtovided or are in the process of producing provisions for
deviations from Beer's Law may occur. While detection limits converting digitally stored data in their own software formats
differ substantially between direct deposition and other GC/IRo that of the universally transportable JCAMP-DX. It is
methods, the linear range is approximately equal, that is, two ttecommended that data be handled in accordance with each
three orders of magnitude. Proper care in the selection of G@hstrument manufacturer’s specification that would allow for
column capacities and separation parameters is necessarydonversion into JCAMP-DX for maximum versatility.
ensure correct detection flowcell GC/IR methods. Additional 12.5 Information to Appear With the SpectrunThe
descriptions on quantification via GC/IR are found in thesample identification and source of the sample, if known,
literature (4,19. should appear with the spectrum. The solvent matrix and any
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sample preparation should also be noted. An indication of the 13.2.2 One particularly important use for headspace GC/IR
quantity of sample should be given, together with the pathis in the analysis of non-polar species in water. Water is a
length, volume, shape, and temperature of the cell or sampldifficult solvent for analysis by GC, and is especially trouble-
substrate. The sampling method should also be given. I$ome for GC/IR, for two reasons. Firstly, water has an intense
flow-through GC/IR techniques are used, the half width of thdR spectrum, and even small amounts of solvent interference
GC peak (in seconds), the carrier gas flow rate (if<f at  will swamp the spectrum of an analyte. Secondly, the optimum
the analyte retention time, and the data acquisition time (irwindow material for the GC/IR light-pipe, in terms of optical
seconds) should be stated. The make and model of thiroughput, is potassium bromide, which is immediately dam-
spectrophotometer should be recorded, as well as the modated by the passage of a significant amount of water vapor.
name or number of the GC/IR interface. For spectra measuréd/ater can be handled by GC/IR if the light-pipe windows are
on dispersive spectrometers all changes of gratings and filteonstructed of zinc selenide, but these reduce the optical
should be recorded, together with the wavenumbers at whicthroughput, and thus, the signal-to-noise ratio of the results by
they occur. The date on which the spectrum was measureal factor of two.
should also be given. 13.2.3 The headspace concentration of non-polar analytes
. above a polar solvent (in particular water) can be greatly
13. Other Techniques (17) increased by the addition of an ionic salt to the solution. This
13.1 In general, any sampling technique that is normalltechnique is known as “salting out” the analytes.
used in conjunction with gas chromatography is applicable to 13 2 4 Analytes in samples that are a solid matrix, such as
GC/IR analysis. These sampling techniques, such as headyj| or a polymer, can be examined by headspace analysis. This
space, pyrolysis, and thermal desorption sampling greatlyachnique is therefore useful for the observation of volatile
extend the types of samples that can be studied by GC/IR frogyganics in such samples, without the necessity for solvent
the normal solution and gaseous samples to include some soligraction.
samples. Th!s a_IIows GC/IR analysis to be gt|||zed for a broad 13.3 Thermal Desorption GC/IR-This is a similar tech-
area of applications. These alternate techniques would fOHOVHique to headspace GC/IR. An adsorbent material, conve-

the same fundamentals for obtaining good infrared §pectra e}ﬁently sold in a sorbent tube, is used to adsorb volatile species
described herein and assume that the operator is able {7 gas stream (normally air). The sorbent tube is then

perform good practices for the alternate part of the applicationsg e and then heated to release the volatiles. The resultin
o , . g
13.2 Headspace GC/IRThis involves the study of vola- 5, phase is then injected into the GC for analysis. This

tiles that are found in the vapor phase above a condensed ph 3 hnique is very useful for monitoring air for hazardous

sampl'e. The actual sample can be a solution ora solid r.natri)&omponents at very low levels, since the sorbent material
but will not be a pure material. The sample is sealed into Zoncentrates the volatiles from many litres of air into a volume

small vial fitted with a septum cap, and allowed to equmbrateOf a few millilitres.

at a constant temperature, commonly above ambient. A vapor- 13.4 Pyrolysis GC/IR-This is an extension of the common

hase aliquot is then withdrawn by syringe, and injected into . . .
tphe GC. i\ typical injection volur’r¥e ?ls 1g mL. TheJ relative pyrolysis GC method for analysis of polymers. The pyrolysis

concentrations of the analyte(s) in the matrix and the headspaé%ayhit;?ifairefgrmiglbgiss':ggsggrsigs g?l?)t\lf\??otrh?nz?emgl)er; t:g?roef
will be governed by the normal thermodynamic partition P pyroly

coefficient, and thus by the temperature. Because of this, th € heating rate, by the use of pulsed heating or programmed

concentration of a particular analyte, with reference to the eating. Pyr_oly5|s by programmed heating is generally_used to
study materials at a faster rate than can be accomplished by

matrix material, may be two to three orders of magnitude ing thermogravimetric analysis infrared spectroscopy (TGA/
higher in the headspace than in the condensed phase matr ) (see Practice E 334), but at a slower rate than the flash

that leads to a significant increase in sensitivity to that analyteheatin 3)
13.2.1 In the case of a solution, the polarity of the solvent 9(2).

will govern the behavior of each analyte in a headspace_l3-4-1 Some polymers, such as poly(ethyl methacrylate)

analysis. Analytes with the same polarity as the solvent will bd3): degrade to give relatively simple mixtures of monomeric

predominantly retained in the solution, whereas those analytd2gments. On the other hand, when complex materials such as

with opposing polarities will preferentially move to the head- Polymer blends are pyrolyzed, the rgsultlng chromatograms

space. Thus, the increase in sensitivity using headspace anag?-ﬂen called pyrograms) can be very rich. Because of this, the

sis will be greatest for polar analytes in non-polar solvents (fof"2lysis often involves the comparison of pyrograms from a

example alcohols in gasoline), and non-polar analytes in po|a§er|es of related .ma.terlals such as polymers having different

solvents (such as hydrocarbons in water). In general, increadgdrees of crosslinking.

in temperature will increase the headspace concentration of

both analyte and solvent, and the relative increase is a functioh™ Keywords

of the volatility of each component. 14.1 gas chromatography; GC/IR; infrared spectroscopy
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