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Standard Practice for

General Techniques of Liquid Chromatography-Infrared (LC/
IR) and Size Exclusion Chromatography-Infrared (SEC/IR)
Analyses *

This standard is issued under the fixed designation E 2106; 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 epsilonejf 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
qualitatively analyzing multicomponent samples by using ao Terminology E 131.
combination of liquid chromatography (LC) or size exclusion 3.2 Definitions of Terms Specific to This Standard:
chromatography (SEC) with infrared (IR) spectrometric tech- 3.2.1 hit quality index (HQI) n—the comparison of infrared
nigues. The sample mixture is separated into fractions by thepectroscopic data against a database of reference spectra of
chromatographic separation. These fractions are subsequenkgown compounds is often employed to assist in the determi-
analyzed by an IR spectroscopic method. nation of the evolved gas chemical identity. Search algorithms

1.2 Three different types of LC/IR techniques have beergenerate a listing of reference compounds from the database
used to analyze samplék 2).2 These consist of eluent trapping that are spectroscopically similar to the evolved gas spectrum.
(see Practices E 334), flowcell and direct deposition. These afEhese reference compounds are ranked with regard to a

presented in the order that they were first used. measurement of the comparative fit of the reference spectral
1.3 The values stated in Sl units are to be regarded adata to that of the spectrum of the evolved gas. This ranking is
standard. referred to as the hit quality index (HQI).

1.4 This standard does not purport to address all of the o
safety concemns, if any, associated with its use. It is thé Significance and Use
responsibility of the user of this standard to establish appro- 4.1 This practice provides general guidelines for the prac-
priate safety and health practices and determine the applicatice of liquid chromatography or size exclusion chromatogra-

bility of regulatory limitations prior to use. phy coupled with infrared spectrometric detection and analysis

(LC/IR, SEC/IR). This practice assumes that the chromatogra-

2. Referenced Documents phy involved is adequate to resolve a sample into discrete
2.1 ASTM Standards: fractions. It is not the intention of this practice to instruct the

E 131 Terminology Relating to Molecular Spectroscbpy user on how to perform liquid or size exclusion chromatogra-
E 168 Practices for General Techniques of Infrared Quantiphy (LC or SEC).

tative Analysi$ )
E 334 Practices for General Techniques of Infrared Mi->- General LC/IR Techniques

croanalysig 5.1 Three different LC/IR techniques have been used to
E 355 Practices for Gas Chromatography Terms and Relanalyze samples. These consist of eluent trapping, flowcell and
tionships direct deposition. These are presented in the order that they
E 932 Practice for Describing and Measuring Performancevere first developed. Infrared detection for any of these
of Dispersive Infrared Spectrometérs techniques can be provided by IR monochromators, IR filter
E 1252 Practice for General Techniques for Qualitativespectrometers and Fourier transform infrared spectrometers
Infrared Analysig (FT-IR). These detectors yield either single absorption band or

E 1421 Practice for Describing and Measuring Performancéotal infrared spectrum detection modes. Detection mode is
of Fourier Transform Infrared (FT-IR) Spectrometers: dependent upon the type of IR detector employed and the
Level Zero and Level One Tests acquisition time required by the LC or SEC experiment.

5.2 Eluent Trapping TechniquesEluent trapping tech-

1 This practice is under the jurisdiction of ASTM Committee E13 on Molecular n.lques’ such as StOpped flow and fraction collection, are the

Spectroscopy and is the direct responsibility of Subcommittee E13.03 on Infrare§iMPIE€ Means for obtaining LC/IR data. In these techniques,

Spectroscopy. the eluting sample is collected from the chromatograph in
Eurrent edition approved Sept. 10, 2000. Published November 2000. dlscrete a“quots These allquots are then analyzed W|th the
The boldface numbers in parentheses refer to the list of references at the end . . . .
this standard. 3p_pr_opr|ate sampllng accessory in an |r_1frared spectrometer. In
3 Annual Book of ASTM Standardsol 03.06. utilizing such techniques, it is essential that a suitable LC
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detector, such as refractive index or UV/VIS, be employed tadiameter, and connections of the transfer line are optimized to
allow definition of component elution. Since the analyte ofreduce dead volume and mixing that can degrade the chro-
interest is trapped physically, the spectrum can be recordeahatographic separation. When performing separations at el-
using a long integration or scan coaddition time to improve thesvated temperatures, the transfer line and flowcell may require
signal-to-noise ratio (SNR). Generally, the stopped flow techeontrolled heating to maintain temperatures of the eluent.
nigue requires the use of a flow cell and the IR spectrum 5.3.3 The flowcell is made of IR transmissive window
acquired contains both analyte and mobile phase spectrataterials to give maximum optical throughput to and from the
features. The fraction collection mode permits examination o&ffluent chamber. Proper selection of window material is
the eluent as a solution of analyte and mobile phase or, withecessary to ensure chemical inertness and IR transmissivity.
proper solvent removal, the analyte alone (provided that th&he cell design and volume must maintain chromatographic
analyte is nonvolatile). As such, the fraction collection moderesolution while maximizing optical interaction with the eluent
would require either a liquid cell for solutions or a solid via transmission, reflection-absorption or attentuated total re-
substrate, that is, KBr window for transmission, first surfaceflection modes. Flowcells are typically optimized so that the
mirror for reflection-absorption or powdered KBr for diffuse sampling volume accommodates the corresponding eluent
reflection measurements. volume of a sharp chromatographic peak at the peak’s full
5.3 Flowcell Detectior-With flowcell detection, the LC Wwidth at half height (FWHH). Typically, this volume is
eluent is monitored continuously in the timeframe of thematched to the scale of the liquid chromatography, that is, 10
chromatography (real-time) by the IR spectrometer with theiL for analytical scale and larger volume separations and less
use of specially designed liquid cel{8-9). Liquid cells are than 10 pL for microbore separations.
designed to minimize dead volume and analyte mixing, to 5.3.3.1 The optimum infrared transmission across the full
conserve chromatographic resolution, and achieve maximurid-infrared spectrum is obtained by using potassium bromide
optical interaction of the eluent with the infrared radiation. Aswindows; however, this material is susceptible to damage by
the effluent is a condensed phase, several cell types have bewater and cold flows under mechanical force. As the flowcell is
devised to accommodate most experimental approaches for lgged, small amounts of water will etch the window surfaces,
spectrometry, that is, transmission, reflection-absorption anand the optical throughput of the windows will drop. Eventu-
attenuated total reflectiaf). The flowcell technique typically ally, these windows will have to be changed. Users who expect
yields submicrogram detection limits for most analytgy ~ t0 analyze mixtures containing water should consider using
Typically, flowcells are mounted within the sample compart-Windows made of a water-resistant material such as zinc
ment of the spectrometer and use beam condensation optics§g/enide (ZnSe). IR windows of high refractive index like ZnSe
direct the IR beam into and out of the small volume of the cell.and zinc sulfide (ZnS) will result in a noticeable drop in
It is important to employ a mobile phase having low orinfrared transmission due to the optical properties, that is,
preferably no infrared absorptions in the analytically important€flectivity, of such materials. Additionally, high refractive
spectral regions for the analytes of interest. As such, the choid8dex materials may cause fringing, that is, create an optical
of mobile phase may constrain the liquid chromatographidnterference pattern in the baseline of the IR spectrum.
separation. Generally, this limits the chromatographic separa- Nore 1—Fringing is due to multiple reflection optical paths created
tion to a normal phase type where nonpolar solvents likevhen windows are placed as parallel plates separated by a discrete
chloroform and carbon tetrachloride have sufficient solvenipathlength. These reflection optical paths permit light, which is retarded to
strength to elute components and have low infrared absorptiod. greater extent than _Iight frqm the tran_smitt(_ad optical path, to r(_each the
In contrast, flowcell detection of reversed phase separatior%’ﬂecmr' This reflection optical path light is out of phase with the

transmitted optical path light and yields interferences fringes in the

involving aqueous mobile phases are essentially precluded Fsultant spectrum. Fringing may be reduced by making the windows

strong absorption by water occurs across the mid'infraregonparallel or by placing the cell slightly askew, that is, 5-15°, in the
spectrum. If flowcell detection of reversed phase separation iptical beam of the spectrometer. Please refer to Practices E 168 for
to be attenuated, removal of the analytes from the aqueousliditional information on fringing effects.

mobile phase via extraction into an infrared transmissive ¢ 335 The optical energy throughput of the flowcell should
solvent is suggeste(®). be periodically monitored, since this is a good indicator of the
5.3.1 The rapidity with which spectra must be recordedoyerall condition of the LC/IR interface. If a Fourier transform
during a liquid chromatographic separation typically requires &pectrometer is used, it is recommended that records be kept of
Fourier-transform infrared (FT-IR) spectrometer to capture thehe interferogram signal strength, single-beam energy re-
complete infrared spectrum. Such instruments include a comsponse, and the ratio of two successive single-beam curves (as
puter that is capable of storing the large amount of spectroappropriate to the instrument used). For more information on
scopic data generated for subsequent evaluation. Conversefich tests, refer to Practice E 1421. These tests will also reveal
monochromators and filter infrared spectrometers permit theshen a mercury cadmium telluride (MCT) detector is perform-
monitoring of a selected absorbance band, for example, 173ﬂg poorly due to loss of the Dewar vacuum and consequent
cm™* for carbonyl functional groups. Data acquisition for thesepuildup of ice on the detector face. As noted further in this text,
devices is similar to that for a typical LC detector. an MCT detector is commonly used with these experiments as
5.3.2 The transfer line from the LC column to the flowcell they provide greater detectivity and fast data acquisition times.
must be made of inert, nonporous material. This normally is 5.3.3.3 Care must be taken to stabilize or, preferably,
PTFE, PEEK or stainless steel tubing. The volume, internatemove interfering spectral features resulting from atmospheric
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absorptions in the optical beam path of the spectrometer. Bedeposition techniques. It is prudent to initially obtain the
results will be obtained by purging the complete optical pathspectral data with a short co-addition time to create reference
with dry nitrogen gas. Alternatively, dry air can be used for thedata to ensure the integrity of spectra obtained with longer
purge gas, but has interferences in the regions of carbooo-addition times after the chromatographic separation is
dioxide IR absorption (2500 to 2200 ¢fand 668 cml).  complete.

Commercially-available air scrubbers that remove water vapor

and carbon dioxide also provide adequate purging of th&. Significant Parameters for LC/IR

spectrometer. In some instruments, the beam path is sealed in
the presence of a desiccant, but interferences from both carbqﬂ

dioxide and water vapor (1900 to 1400 chmay still be operating procedures (SOPs) or laboratory notebooks as nec-

fpund. In all cases, the .|nstrument atmosphere mugt be SJ.[af‘ 'ssary to meet requirements for specific laboratory practices. If
lized before data collection commences. Atmospheric Stabl|lt¥he equipment is commercially available, the manufacturers’

inside the instrument can be judged by recording the single;;meq and model numbers for the complete LC/IR system, or

beam energy response and the ratio of two successive singlge jndividual components, should be recorded. Additionally,
beam spectra. various instrumental and software parameters are listed and

5.4 Direct Deposition LC/IR-Initial attempts at direct discussed in 6.2-6.4.5 Any modifications made to a commercial
deposition LC/IR employed eluent deposition onto powderednstrument must be clearly noted.

KC1 (10). After evaporation of the mobile phase, the analysis g 2 |nstrumental Parameters (IR)
of analytes was conducted by diffuse reflection. More recently,
the direct deposition LC/IR technique is accomplished byL
deposition of the eluent onto a flat, moving surface to aIIowd
analysis by transmission or reflection-absorptidd,12) In
these methods, the eluent is passed through a nebulizer
atomize the mobile phase, the aerosol is passed through
heated transfer zone to evaporate the mobile phase and t
residue is deposited onto an appropriate optical substrate. Th(J;‘Sé
allows for these methods to detect as low as subnanogra@e
amounts of material. By capturing the eIuent onto a SUbStrat.%riate as these extend the spectral range to 400 wavenumbers.
the gomponents of the sample are effectively trappeq. It.' hese are slow detectors, however, and are used typically with
possible, therefore, to analyze the chromatographic dlstr|but|oa

of analvies after the LC/IR experiment as well as to perform irect deposition and discrete fraction collection methods
yte . P P where spectral acquisition times are not critical.
analyses in real-time.

541 For transmission spectra. the eluent is deposited di- 6.2.2 Flowcell Interface—A complete description of the

| : pectra, _uep Howcell interface including optical type, optical pathlength,
rectly onto an mfrared transmissive plate malntfauned at olume, temperature and material type should be recorded
temperature sufficient to permit further evaporation of the ' '

mobile phasg(11). Infrared spectra are then obtained via an . ©6-2-3 Deposition Conditions-For direct deposition LC/IR,
infrared transmission method. the temperature of the nebulizer, evaporation chamber and

5.4.2 For reflection absorption measurements, the eluent §eposmon surface should be recorded. Type of nebulization

6.1 The instrumentation used to conduct the LC/IR experi-
ent should be properly recorded within prescribed standard

6.2.1 Detectors—Due to low optical throughput, most
C/IR systems typically employ MCT narrow band photocon-
uctive detectors. It is important that the detector element be
roperly filled with the image of the analyte spot or image of
e exit aperture of the interface to achieve the highest
nal-to-noise. Additionally, care must taken to ensure the

T detector is not operated in a light saturating condition so
to maintain linearity of the signal response. Alternatively,
uterated triglycine sulfate (DTGS) detectors may be appro-

as, its flowrate and temperature, as well as the motion of the
eposition surface should be noted. Spot size of the eluent
eposited is directly determined by the diameter of the restric-

deposited upon a front surface mirror. The infrared beam i
then transmitted through the analyte, reflected off the mirrord

surface and transmitted back through the analyte. A mOd'f'C?ﬁon end (nebulizer) and the distance separating the restriction

tion Of. this method has been .|ntroduced where the eluent I%nd from the deposition surface. These should be recorded.
deposited upon a thin germanium wafer. The back surface o
6.3 Instrumental Parameters (LE}The success of the

this wafer is vapor coated with aluminum to yield a reflective i _ )
LC/IR experiment is dependent on good chromatographic

surface (12). As germanium is IR transmissive, the beam ; . . .
passes through the deposited analyte twice and, dependiR actices. It is not the purpose of this document to discuss those

upon the angle of incidence and reflection, yields an approxiPractices in detail, but for convenience, a list of some LC
mate doubling of the pathlength. The advantage of thid?@rameters of key importance to be noted is given.
approach over that of a first surface mirror is to reduce spurious 6.3.1 Chromatographic Columa-The length and internal
optical effects such as specular reflection which may occur adiameter of the column including the type of stationary phase
light passes through the spotted analyte. employed must be noted.

5.4.3 Direct deposition techniques provide the advantage of 6.3.2 Mobile Phase-The type of mobile phase used should
post-run spectral data acquisition and possibly, decoupling the noted. If binary or ternary solvent systems are employed, the
Chromatographic Separation from the spectrometry. Througgradient profile should be specified in detail and include any
extended co-addition of spectra, the signal-to-noise rati¢nitial delay or final hold time.

(SNR) of spectral results is improved over that obtained during 6.3.3 Injection—The injection volume, solvent matrix,
real-time data acquisition. It must be noted that slow sublimasample concentration, if appropriate, are critical parameters
tion of the analyte and recrystallization may occur with directthat must be recorded.
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6.3.4 Other Chromatographic Detectorslf a chromato- co-addition, smoothing, spectral subtraction, and spectral
graphic detector is employed in addition to the IR spectromsearching, during the chromatographic separation. This section
eter, then the following information should be listed: type ofdescribes these spectral data manipulation activities.
detector and whether the detector is serial or in parallel (in 7.1.1 Gram-Schmidt Reconstruction (GSR)0,11)—As
which case, the eluent split ratio should be specified). each interferogram is acquired during the chromatographic

6.4 Software Parameters separation, a method for tracking total IR intensity, called the

6.4.1 Apodization Functior-For Fourier transform infrared Gram-Schmidt reconstruction (GSR)0,11) quickly deter-
spectrometers, it is recommended that an apodization functiomines the information content of the interferogram. In this
be applied to the interferograms before computation of spectrahethod, a set of interferograms is recorded before sample
data. Suitable apodization functions include triangular, Beerinjection and individual interferograms are recorded during the
Norton medium, Happ-Genzel, and cosine function. separation. The initial set of interferograms is used to create a

6.4.2 Spectral Resolutiea-For Fourier transform spectrom- series of reference basis vectors that represent the chromato-
eters, a compromise between the signal to noise ratio (SNR) @fraphic baseline profile. During the separation, each subse-
a spectrum and its information content leads to an optimunguent interferogram generates a similar vector. Comparison of
resolution for LC/IR spectra of 8 cmif recorded in real-time.  these individual vectors against the reference set is performed
If spectra are acquired from trapped samples, higher spectrala orthogonalization to give a measure of the presence, or
resolution may be appropriate. absence, of analytes eluting from the chromatographic column
Note 2—Most conventional LC/IR instruments are optimized to record fand thelr relatlve_ con_ce_ntratlon. The resultlr_lg plot O.f vectpr
a spectrum of 8 ciit resolution in approximately one second. This allows intensity ver;us time 'nd'ca_tes how Fhe total infrared '”te”S'tY
for adequate sampling of the spectral data as a chromatographic pefianges during the separation. This is called the Gram-Schmidt
flows through the flowcell; thus, the optimal SNR is obtained for spectralreconstructed (GSR) chromatogram and is similar in appear-
data with minimal loss of chromatographic resolution and sufficientance to the response from a refractive index or UV/VIS
chromatographic peak definition. - , detector. This chromatogram normally is displayed on the

When examining samples by direct deposition LC/IR, real-time spectretomputer screen.

are optimally collected at 8 cm resolution for the above reason. When .
employing post-run signal averaging, however, data can be collected at a 7.2 Data Storage ThresholeWith older LC/IR systems,

greater resolution to increase the information content of the spectra. TH&€ large number of spectra recorded during a typical LC/IR
appropriate spectral resolution is often that which matches the resolutiogxperiment would be more than could be stored with the
of available spectral libraries suitable for condensed phase samples. available computer. Because of this, the Gram-Schmidt recon-
6.4.3 Signal Averaging-During real-time data acquisition, Structed chromatogram was monitored and, when a GSR
it is advantageous to co-add several scans/time incremerifitensity change exceeded a preset threshold value, the spectra
generally, a 1-3 s time frame, to improve the SNR of the resultwere acquired and stored. It was possible that if a minor
The actual number of co-additions depends on the instrument&@mponent was not detected during elution, no spectral data
optimal scanning speed and spectral resolution. Typical instruvere stored for it. With current data storage capabilities, data
ment operation would permit co-addition of four to ten scansstorage threshold is rarely used as the typical LC/IR file sizes
during each time increment, that is, a discrete infrared specdre easily accommodated.
trum is stored every second. More extensive spectral averaging 7-3 Functional Group ChromatograrsAs each interfero-
can be performed during post-run spectral collection or datgram is acquired, it may be processed into a spectrum in
manipulation; thus, during real-time data collection, the SNRreal-time. In this case, a useful operation is to integrate selected
improvement is limited to the total elution time of an analyte.regions of the spectrum immediately and to present the
6.4.4 Data Storage ThresholdThis function must be re- integrated absorbance values to the display along with the
corded, if used. Gram-Schmidt reconstructed (GSR) chromatogram. Com-
6.4.5 Additional Processing-If any smoothing functions, monly selected infrared spectral regions with the typically
baseline correction algorithms or spectral subtractions areorresponding functional groups are as follows:

applied to the spectral information, these must be reported. It Unsaturated/Aromatic C-H Stretch: 3150 to 3000 cm™
should be pointed out that most commercial LC/IR instruments Saurated CH Sietch 3000 10 2850 m
give the operator only a limited control over these functions, C-O Stretch: 1300 to 1000 cm™*

which may be operating automatically. The operator should

investigate as to whether the instrument software does include 7.3.1 It should be noted that thes_e absorpfuon band assign-
such operations. ments do not correspond to all possible functional groups that

may absorb in these, or other, spectral regions. Absorption
7. Software Treatment of Infrared Data band assignments should be verified with appropriate reference
7.1 Infrared spectral information acquired during the liquid materials.
chromatographic separation can be manipulated in either the 7.4 Spectral Searching-The general purpose of the LC/IR
real-time or post-separation domain to yield chemical informaexperiment is to attempt to identify or classify the chemical
tion. Some software programs permit display of chromato-nature of the species that are separated chromatographically. To
grams using spectral information, that is, Gram-Schmidt redo so, absorbance spectra of each fraction are generated, either
construction (GSR(10,11) total IR absorbance and specific IR automatically or with operator interaction. Spectra are com-
absorption bands, in real-time. Additionally, these softwarepared individually, using one or several software search algo-
programs may permit data manipulation on-the-fly, that isyithms, to a library or database of reference spectra. These
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databases typically reside in a digitized format on the computechromatographic peak are subtracted from each other to yield
disk. The spectral search results yield a list of potentiapurer spectral information of the leading component and the
identities that match the sample spectrum most closely. Thedeailing component.

identities are ranked in order of their match quality. 7.5.1 When performing an LC/IR experiment, often it is

7.4.1 It should be stressed that the results of a spectr&0ossible to generate the spectrum of the mobile phase for
search cannot be relied upon to obtain the correct chemicgubtraction purposes by examining the spectra collected close
identity. Potential problems that the user should considef0 the elution of the eluite peak; however, this activity is
include mislabeled library entries, poor spectral match qualityPrecluded if the data storage threshold algorithm (see 7.2) is
differences between acquired spectra and those of the libra¥s€d, as the absorbance spectra of the chromatographic base-
due to experimental conditions, absence of the relevant refelin€ would not be stored. _
ence in the database, low signal to noise ratio of the measured?-5-2 If the absorbance spectra generated during the LC/IR
spectrum, and similarity between the reference spectra d¥XPeriment contain significant spectrgl |.nterferences from at-
members of a homologous series. The analyst should a|Wa);§ospher|c water vapor or carbon dioxide, then a reference

verify the search results by visually comparing the spectrum ofPectrum of one or both of these contaminants may be
the best matches to the analyte spectrum. subtracted from each analyte spectrum. Typically, these inter-

f'erences will be observed also in the spectra of the chromato-

7.4.2 An important parameter to be considered for spectra : s .
L . . raphic baseline; thus, an atmospheric reference spectrum may
searching is the search algorithm. Some algorithms, such as tiHe

) . . . - beé generated for subtraction that is close in the chromatography
Euclidean algorithm, match the spectrum point by point with o .
. : to that of the analyte spectrum. Also, it is possible to have the
each reference spectrum in the database. This method takes . L
cOmputer automatically remove spectral contributions from

into consideration the relative intensity, shape, and frequencx . ; . .
Sl tmospheric contaminants if appropriate reference spectra are
of each spectral feature, but places the heaviest importance O Jilable

strong, broad features. If the derivative of the analyte spectrum 7.5.3 Occasionally, an analyte peak of interest is close to, or

s e o e oo b TSR Wi he hromatgraghc esk ce 13 e e
; P P P P q {i]on solvent. This occurs at the elution of an unretained eluite

cies of sharp bands. Any shifts in absorption band frequenueasH1d defines the column’s chromatographic void volume. Spec-

between the spectra of the sample and reference typically Ieafral subtraction typically is employed to remove spectral

to poor matches when using the derivative algorithm. The I S .
; : . contributions from the injection solvent in the spectrum of the
selection of search algorithms to employ should consider thég .
analyte chromatographic peak.

sharpness of spectral features and similarity in spectral acqur- 7.5.4 On occasion, two eluites will elute at similar times, so

sition method, that is, IR transmittance, reflectance or diffusefhat they overlap each other and yield a multicomponent

ngtlzeectsanec;,réae;v;/eseer:/él‘r\; 222'33? zfj E(E)Crmljmsagrde O;?};?;;E r?tfcle:ﬁromatographic peak. Often, it is possible to generate spectra
im ortaltont to.understand how eac% one operates u or{ thaé the leading and trailing edges of this chromatographic peak,
P . . P p which reveal differential concentrations of the individual
spectral data to obtain effective use of spectral searching. Thq . . S .
. eluites. Depending on this differential, these spectra may

results of a spectral search often are placed in a table where

reference compounds whose spectra closely fit that of threpresent the two pure compounds or mixtures of both. In the

. . 2o atter case, subtraction of the spectrum of the trailing edge from
analyte are ranked with regard to the hit quality index (HQI).that of the leading edge will l;)/ield a purer spectrgum %f the

7.4.3 Itis common practice to generate reference databasgesddmg edge eluite. Subtraction of the leading edge spectrum
containing spectra of compounds expected for the analysgg,m that of the trailing edge will yield a purer spectrum of the
commonly performed by the laboratory. These spectra are oftejjing edge eluite. This spectral subtraction method also is
obtalr!ed undgr S|m|lar conditions to those used for_the '—C“Rappropriate for chromatographic peaks that have more than two
experiment. Libraries of spectral data are also available fro"&omponents if those components have differential concentra-
commercial sources. Condensed phase LC/IR data are bq_ﬁ_rm profiles through the chromatographic peak. Use of this

compared to reference spectra recorded for compounds intheﬂ’iethod, however, becomes more complex as multiple refer-

condensed phases. ence spectra from the chromatographic peak must be removed
7.5 Spectral Subtraction-To enhance spectral information, through multiple subtraction steps.

the absorbance spectrum of a reference material may be

subtracted from the absorbance spectrum of a mixture. Wit§- Standard Samples

the spectral contributions of the reference material removed, 8.1 In addition to validations of the liquid chromatographic
the resultant spectrum is more representative of the true eluigystem and the IR spectrometer (Practice E 1421), a validation
chemical identity. Mathematical subtraction of spectra may beest separation should be used on a regular basis to evaluate and
used to improve the quality of analyte spectra and to resolvdocument the LC/IR instrument response. These validations
analytes eluting as overlapping chromatographic peaks. Favould also indicate when problems have developed in the IR
example, spectral features due to purge instability and mobilepectrometer, the liquid chromatograph or the LC/IR interface.
phase(s) may be removed through subtraction of atmospherin the LC/IR validation method, the parameters discussed in
or mobile phase reference spectra from the analyte spectrurBection 6 are established and must be reproduced exactly each
To resolve species in an overlapping chromatographic peakime the validation is performed. Depending on the type of
spectra obtained from the leading and trailing edges of th&C/IR validation being performed, a uniform validation
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sample mixture would be created with the appropriate compomaterial once it is isolated.

nents and component concentrations. The validation procedure _ )

should involve calculation of the signal-to-noise ratio of thell- Quantitative Information

LC/IR spectra of each validation mixture component, as well 11.1 Reasonably accurate quantitative information can be
as, that of the chromatographic baseline. During this procedurebtained by LC/IR methods. Measured values within 10 % of

the SNR may be calculated in terms of either peak-to-peakhe actual quantities are attainable with careful reproduction of
noise or root-mean-square noise, but the method used ®xperimental parameters. In order to obtain quantitative results,
generate the SNR must be specified. The user also is referre@mparison should be made to reference standard mixtures
to the instrument documentation supplied by the equipmengxamined under identical conditions. The integrated chromato-

manufacturer. graphic responses of reference standards are used to calibrate
) o the chromatographic method. For general aspects of quantita-
9. Sampling Criteria tive analysis performed with infrared spectrometry, essential

9.1 The sampling criteria for the various LC/IR techniquesreferences are found in Practices E 168 and the chapter in
depend on the analytical application. The advantages andiillis, et al, (15).
disadvantages are discussed for each sampling technique (sed 1.2 Similarly, the amount of each component present in the
Section 5). These must be taken into consideration whemixture can be ascertained from a LC chromatographic trace
determining the best method for combined separation andenerated from detectors other than an IR detector. In this case,
identification for a particular sample analysis or application. the quantity of a component can be calculated from its
. _ integrated peak area and compared to the integrated response
10. Qualitative Information curve of reference standard samples used to calibrate the
10.1 In the LC/IR experiment, the infrared spectrometerchromatographic separation.
acts as a chromatographic detector. In real-time chromato- 11.3 Quantification methods corresponding to standard
graphic detection, an infrared monochromator or filter spectechniques should be performed in accordance with Practices
trometer provides an absorbance response versus time forEa168. When increasing sample quantities are injected, devia-
discrete frequency range. In contrast, since an FT-IR spectrontions from Beer’s Law may occur as absorbance values exceed
eter acquires the full IR spectrum at discrete time intervalsl au. While detection limits vary between the various LC/IR
throughout the chromatographic separation, several differenhethods, the linear ranges of each method are approximately
chromatographic representations may be obtained. The Grargqual, at between two and three orders of magnitude. It should
Schmidt reconstructed chromatogram (see 7.1), thereforée noted that the direct deposition techniques are designed for
which resembles a refractive index chromatogram, can be uséow detection limits with small sample quantities.
for location of spectroscopic data files along the chromato- 11.4 Integration across the appropriate spectral region or
graphic time domain. Infrared functional group chromatogramsneasurement of peak height from the Gram-Schmidt recon-
(see 7.3) selectively detect eluting compounds with specifigtructed chromatogram can also be used for quantification.
functional groups. These methods can yield values of good precision and accuracy
10.2 Spectral identification by reference spectral databasand are similar to quantification of chromatographic data via
searching is recommended for compound identification in thether detection modes.
LC/IR experiment. Best results will be obtained when the
spectra in the reference database are acquired in the sarhé Record of the Data
fashion as that of the eluite. For example, if the eluite spectrum 12.1 It is recommended that the unprocessed spectroscopic
is acquired from a deposition LC/IR interface in the reflection-data, for example, interferograms for FT spectrometers, be
absorption mode, then spectra of reference compounds shoutbred digitally in addition to spectra.
be acquired in the same manner. In this manner, influences on12.2 Storage of Raw Data-Present LC/IR technology is
the spectral information related to instrumentation and thdased on rapid scanning FT-IR spectrometers and methods.
spectroscopic method are minimized in the spectral searchinfhese instruments permit storage of the raw data as interfero-
process and yield superior search results. If reference databaggams and spectra. The LC/IR data should be stored on a
of this type cannot be created, searching against condensetagnetic or optical media such as a hard drive, tape backup or
phase reference databases, either commercially available compact disk system capable of read-write operations. In this
user-generated, may yield acceptable spectral searching. dase, the relevant background single-beam spectrum, vectors
should be noted that influences on reference spectra due to thalculated for Gram-Schmidt reconstruct, and the Functional
spectroscopic method, for example, transmission, reflectionsroup and Gram-Schmidt chromatograms should be stored
absorption, diffuse reflection, use of nujol, etc., will affect thewith the data. These extra files may be required by the software
quality of the spectral match and may lead to erroneous resultto permit analysis of the raw data files. It is important to store
10.3 For a more reliable validation of the identity of a an information file that contains not only the instrumental
chromatographic peak, a suitable reference compound shoufzhrameters, as in Section 6, but also a record of the sample
be examined by LC/IR using identical conditions. In thisidentity, solvent matrix, and any treatment carried out on the
procedure, it is important that the chromatographic retentiorsample.
times be matched, as well as the spectra of the unknown and12.3 Storage of Infrared Spectraln addition to the raw
the reference compound. Alternatively, other analytical techdata, the LC/IR experiment will result in a series of infrared
niques can be used to verify the identity of the unknownspectra corresponding to some, or all of the chromatographic
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peaks. These spectra occupy a substantially lower amount of 12.5 Information to Appear With the SpectrunThe
storage space than the raw data, and can be saved easily osample identification and source of the sample, if known,
more convenient medium, such as a floppy disk. Again, alshould appear with the spectrum. The solvent matrix and any
instrument parameters, sample identity information, etc.sample preparation should also be noted. An indication of the
should be stored with the spectral data set. These spectra ajgantity of sample should be given, together with the path-
then readily available for subsequent plotting, searching, ofength, volume, shape, and temperature of the cell or sample
other use. Also, it may be useful to store them with the rawg,pstrate. The sampling method should also be given. If
data, in accordance with 12.1. . flowcell LC/IR techniques are used, the half width of the LC
12.4 Spectral Interchange-A universally compatible for-  heay the mobile phase flow rate, the full width at half height,
mat for digital storage of data, JCAMP-DX, has been devely, anaivte retention time and the data acquisition time should
oped (16). This protocol generally is useful for transferring be stated. The make and model of the spectrometer should be
individual spectra between instruments of different manUfaC'recorded, as well as the model name or number of the LC/IR

turers. It is not likely that the large raw data files, such Sterface. For spectra measured on dispersive spectrometers all
LC/IR data sets will be transferable in this way due to ’ P P b

limitations of storage space and RS232 transfer speed. Aﬁhanges of gratings and filtgrs should be recorded, togther
spectrometer manufacturers have provided, or are in th}éllth the wavenumbers at which they occur. Th(_a date on which
process of producing, provisions for converting digitally storediN€ SPectrum was measured should also be given.

data in their own software formats to that of the universally

transportable JCAMP-DX. It is recommended that data bé3. Keywords

handled in accordance with each manufacturer's specification 13 1 infrared spectroscopy; LC/IR; liquid chromatography;
that would allow for conversion into JCAMP-DX for maxi- sgc/IrR

mum versatility.
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