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where the statue stood
Of Newton, with his prism and silent face,
The marble index of a mind for ever
Voyaging through strange seas of Thought, alone.

—William Wordsworth (1770–1850)
The Prelude, book iii, line 61
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Absolute retention time, 16, 88
Absolute retention volume, 16
Absolute temperature, 4
Absorption

of alcohol, 756
of amphetamines, 743–744
of antiepileptic drugs, 752–753
of inhalational anesthetics, 746–747
of prostaglandins, 761
of steroids, 764
of tricyclic antidepressants, 750

Accelerants, sample preparation for,
934–945

Accelerated solvent extraction (ASE),
593–594, 804

Accelerated solvent extractor, 805
Accuracy parameter, 978
Acetylene control, in an ethylene plant,

712–713
Acid–base partitioning, 814–815
Acid extractables, 782
Acidic analyte analysis, 107
Acidity/hydrogen bonding technique, 382
Acidity/hydrogen-bonding NICI

techniques, 388–391
Acid stripping, 937
Acronyms, definitions for, 995–1001
Activation solvent, 562
“Active surface area,” 617
Activity coefficient calculation, 623
Actuation gas, 500
Adjusted retention time, 3
Adjusted retention volume, 3, 97
Adsorbents, 4, 72

classifications of, 609
for gas–solid chromatography, 79–84
porous polymeric, 80, 81–82
properties of, 607, 816
USP designations of, 83
VOC determination and, 855–858

Adsorption, 424
categories of, 618
of gases at solid surface, 607–611
irreversible, 128
problems with, 458

Adsorption chromatography, 4, 26

Adsorption chromatography columns,
degradation of, 509. See also
Adsorption columns

Adsorption columns, 4
Adsorption energy distribution function,

621–622
Adsorption peak, 613
Aerosols, 854
Agitation method, SPME, 581–582
Air. See also Ambient air

semivolatile organic compounds in,
864–866

volatile organic compounds in,
855–864

Air compressors, 503–504
Air generators, 501, 502
Air peak, 4
Air pollution analyses, 40, 853–866
Air pollution standards, 442
Air samples, 778, 779
Air tubes, 855
Alcohols, C1–C5, 84
Alkali flame ionization detector (AFID),

315–316. See also Flame ionization
detector (FID)

Aluminum-clad fused-silica capillary
columns, 117–119

Aluminum tubing, 517
Alvarez, Juan G., 739
Ambient air, as a carrier gas, 268, 269
American Laboratory, 71
American Petroleum Institute (API), 644
American Society for Testing and

Materials (ASTM), 637, 645–646
ignitable liquid classification scheme of,

929–930
publications of, 515

Amine positive ion chemical ionization
reagent systems, 379–380

Ammonia PICI spectrum, 380
Amphetamine analysis, 894

gas-chromatographic, 744–745
quantification limit and linearity for,

745
Amphetamines, 741–745, 758

screening for, 917
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Anabolic steroids, analysis of, 900–903
Analysis temperature, 497
Analysis time, 4, 42, 101–102

effects of heating rate on, 252–255
Analyte partition coefficient, 567
Analyte partitioning, 565
Analytes, 482, 483

adsorption of, 561
multiphoton ionization of, 395

Analyte solubility, 567
Analyte transfer, 599
Analyte transfer extractions, 555
Analyte trapping, 573
Analyzer, 723–725
Anesthetics inhalational, 745–749

rate of elimination of, 747
Anion proton affinities, 385, 386
Antidepressants, tricyclic, 749–751
Antiepileptic drugs, 751–754

gas chromatographic analysis of,
753–754

retention times for, 754
Antiinflammatory drugs, 919–920
Antipsychotic drugs, 919
“Apparent volume,” 607
Applications. See also

Clinical/pharmaceutical applications;
Environmental applications; Forensic
science applications; Gas
chromatography applications

of gas chromatography, 37–41
of process chromatographs, 731–732
of pyrolysis gas chromatography,

949–956
of solid-phase extraction, 562–563
of solid-phase microextraction, 584

Aqueous samples, 778, 779
contaminated, 796

Archiving, 987
Area measurement, precision of, 430
Area normalization, 4
Area normalization with response factor

(ANRF), 4
Aroclors, 785–786
Aromatic hydrocarbons, 608, 646, 708,

718–719
polynuclear, 831

Aromatic methyl ethers, 345

Aromatic VOCs, 822, 824–825
determination of, 821–823

Arylene phase, 162
ASTM distillation methods, 675, 678–679
At-column heating, 252
Atomic emission detector (AED),

330–331
Attentuator, 4
Autoinjection systems, 424
Automated gas chromatographic

technique, 633
Automated Soxhlet extraction, 802–803
Automation, in sample preparation,

596–597
Azeotropic distillation, 811

Backflushing technique, 725
Backflush-to-vent method, 725
Background artifacts, in gas

chromatography/mass spectrometry,
357–358

Backpressure regulators, 591
Baird, Lisa J., 277
Ball-disk integrator, 427
Ballistic temperature programming,

183–184
Ballschmitter and Zell (BZ) number, 785
Band, 4
Band area, 4
Band broadening, 131. See also

Bandspreading
extracolumn, 237–239
mechanisms of, 58

Band-broadening/-focusing mechanisms,
479–481

Bandspreading, 50, 610. See also Band
broadening

Barbiturates
analysis of, 897
screening for, 917

Barry, Eugene F., 65, 991, 1007
Bartram, Reginald J., 491
Base extractables, 783
Baseline, 4

variables associated with, 982
Baseline treatment indicators, 981–982
Basic compounds, separation of, 814–815
Bed volume, 4
Benzene, analysis of, 718–719
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Benzene-C2H4-S-Au sensors, 270
Benzodiazepines

analysis of, 897
screening for, 917–918

Beroza’s p value, 413–415
β−cyclodextrin, 166
β−phenylethylamine, 741–742
β−ray ionization cross-sectional detector,

305
Bimolecular rate constant, 368
Bimolecular reactions, 367
Biological fluids

determination of ethanol in, 922–923
drug analysis in, 909–921

Bitumen, 649
“Blanking the solvents,” 445, 452
Blood alcohol, 754–757

analysis of, 921–922
Boiling point, separations by, 676
Boiling range distribution, 637
Boiling range distribution profiles, 636
Bond dissociation energy, 359
Bonded phases, 4, 798
Bourdon tubes, 505, 526
Breath collection, 927
Brettell, Thomas A., 883, 969
Bridge circuits, 293, 294
British Institute of Petroleum, international

symposiums, 644, 645
Brunnauer, Emmett, and Teller (BET)

adsorption method, 611, 612, 632
BTEX, 823, 827
BTU content analyzer, 731

chromatogram from, 727
Bubble meters, 498
Butadiene, 715–718
Butadiene analysis, component

identification in, 717

C1–C5 alcohols, 84
Cables, detector and integrator, 537
Cadogan–Purnell (C/P) method, 630
Caldwell, Gary W., 339
Calibration

chromatographic, 638–639
criteria for, 434

Calibration curves, 433–435, 977
Calibration factor, 867
Calibration linearity, 977

Calibration standards, 860–864, 868
levels of, 818–819

Calmus oil, separation of, 135
Cannabinoids, analysis of, 897–898
Capacity factor, 4, 132, 133, 551, 552
Capillary cages, 126

design of, 186
Capillary chromatogram, 196, 197
Capillary-column efficiency, 132–133
Capillary-column ferrule kit, 174
Capillary column gas chromatography,

109–181, 347. See also Capillary
columns

achievements in, 110–111, 112
materials for, 114–121
significance of, 109–110
stationary-phase selection for, 148–180
technology of, 114–130

Capillary-column GCMS, 346. See also
Gas chromatography/mass
spectrometry (GCMS)

Capillary-column PGC, 955–956. See also
Pyrolysis gas chromatography (PGC)

Capillary columns, 5, 68. See also
Gas–solid adsorption capillary
columns (PLOT columns); Megabore
column

care and first aid for, 167–180
carrier gas for, 132–136
chromatographic performance of,

130–148
conditioning of, 175–176
efficiency data for, 201
ferrules for, 167–172
for high-speed gas chromatography, 230
ideal, 127–128
installation of, 172–175
measuring linear velocity with, 499
open geometry of, 114
preparation guidelines for, 170–172
regeneration by solvent rinsing, 180
sample capacity of, 140
static coating of, 126
tandem, 259–267
versus packed columns, 69, 111–114,

196–199
Capillary-column toolkit, 174
Capillary injection, problems with,

463–464
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Capillary inlets, types of, 464–465
Capillary problems, pressure control for,

498
Capillary restrictors, 243
Capillary separations, applications of,

180
Capillary Vu-Union, 177, 179
Carbon, as an adsorbent, 80–83, 611
Carbon cycles, 647, 648
Carbon dioxide

as an extractant, 808
phase diagram for, 588
as a solvent, 590

Carbon number. See Log retention
time/carbon number plot

Carbon-skeleton chromatographic
operations, 416

Carbopacks, 80
Carborane phase, 164
Carbowax 20M, 89, 122, 129, 154, 155,

160, 924
column surface deactivation using,

124–125
Carrier-gas contaminants/impurities, 85,

298
Carrier-gas dopants, 308
Carrier gases, 5, 132–136. See also

Chromatographic carrier gas
choosing, 499–500
comparing, 133
effect on separation, 134
high-purity, 175–176
high-speed GC, 234–237
safety and cost of, 496
switching, 524–525
in thermal conductivity detector, 293

Carrier-gas flow
column conditioning and, 175
retention time and, 424

Carrier-gas flowrate, high-speed GC, 232.
See also Carrier-gas linear velocity

Carrier-gas linear velocity, 135, 199,
205–208, 224, 225, 255

Carrier-gas pressure, changing, 260
Carrier-gas selection, 492–494

using van Deemter plots, 494–496
Carrier-gas systems

assembly of, 521
purging, 528

Carrier-gas viscosity, 136
effect of temperature on, 137

CA Selects, 70
Catagenesis, 648–649
Catalysis, physicochemical measurements

and, 635
Catecholamines, 742
Cation/molecule reactions, 364, 365, 371,

378
Cavitation, 804
Cell design, electron-capture detector,

306–307
Certificate of analysis (COA), 432
Chain of custody, 983
Chain scission, 595
Changeover regulator system, automatic,

532–533
Charge exchange reactions, 385–386
Chart speed, effect of, 991
Checklists, 972
Chelates, 627
Chemical bonding, of stationary-phase

film, 160–162
Chemical composition, knowledge of, 607
Chemical compounds, discrete bands of,

278–279. See also Compounds;
Thermochemistry

Chemical ionization (CI), 340, 348
Chemical kinetics, 632–634
Chemically bonded phases, 156
Chemicals, purity of, 431–432. See also

Chemical compounds; Compounds
“Chemical signature” analyses, 905
Chemical standards, 868
Chemiluminescence detectors, 328–330,

701. See also Photochemistry
Chiral stationary phases, 165–166
Chirasil-Val stationary phase, 166
Chlorinated acid herbicides

determining, 849–850
separation of, 851

Chlorinated hydrocarbons, determining,
833–834

Cholesterol, 763
Chromathermography, 214
Chromatograms, 5. See also

Chromatography
column efficiency calculation from, 97
temperature-programmed, 251, 253
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Chromatograms (Continued )
test mix, 127
types of, 41
using TOFMS detection, 249–250

Chromatograph, 5. See also
Chromatography

Chromatographic carrier gas, as a
substitute for reagent gas, 374–375.
See also Chromatographic-grade
gases

Chromatographic column, 633. See also
Column entries

isothermal operation of, 182–183
Chromatographic data, 404–405
Chromatographic detector, dynamic range

of 283, 284
Chromatographic-grade gases, purity

levels for, 506
Chromatographic methods, 25–37. See

also Chromatography
classification of, 25–27
displacement development, 28–30
elution development, 30
frontal analysis, 27–28
isotherms, 30–33
linear ideal chromatography, 34
linear nonideal chromatography, 34–35
nonlinear ideal chromatography, 36
nonlinear nonideal chromatography,

36–37
process types in, 33
validation of, 976

“Chromatographic pyramids,” 139
Chromatographic response, 616
Chromatographic separations, 136

optimization of, 194–195
Chromatographic systems, 33–37
Chromatographic theory, 43
Chromatography, 5. See also

Chromatographic methods; Gas
chromatography (GC); Process
chromatography

development of, 2–3
factors in, 48
gas chromatography/mass spectrometry

and, 346
history of, 1–3
molecular-weight, 412–413

Chromatography Forum, 72

Chromosorb Century polymers, 80
Chromosorb G, 74, 78
Chromosorb P, 74
Chromosorb supports, 76
Chromosorb T, 79
Chromosorb W, 73, 74, 78
Cigarette smoking, 758
Clandestine laboratory analysis, 907–909
Clingfilm volatiles, analysis of, 956
Clinical chemistry applications, 40–41.

See also Clinical/pharmaceutical
applications

Clinical/pharmaceutical applications,
739–767

amphetamines, 741–745
antiepileptic drugs, 751–754
blood alcohol, 754–757
drugs of abuse, 757–760
inhalational anesthetics, 745–749
prostaglandins, 760–763
steroids, 763–766
tricyclic antidepressants, 749–751

Closed-cell detectors, 247
Cluster cations, 371
Coal liquefaction gases, instrument

schematic and chromatogram for,
667–668

Coal tar
aliphatic fraction of, 670
polyaromatic fraction of, 669

Coating efficiency, 147–148
Coating methods, 105–106
Coatings, static, 126
Cocaine, 757

analysis of, 895–896
crack, 895
metabolites of, 914–917
separation of, 906

Coefficient of variation (CV), 980
Cold trapping, 480
Colón, Luis A., 277
Column bleed, 5, 108, 176, 498
Column capacity, 141
Column changes, effect on resolution, 104
Column contamination, 178
Column-cutting techniques, 468
Column diameter, 139–140. See also

Column dimensions; Column inner
diameter
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peak resolution and, 200
stationary phase and, 138

Column dimensions. See also Column
diameter; Column length;
Cross-sectional area of column;
Column volume

high-speed GC, 234–237
selection of, 205

Column efficiency, 5, 95–97, 133
carrier-gas linear velocity and, 206
high-speed GC, 233–237
maximum 102, 103
plots of, 237
separation factor and, 100–101

Column fatigue/regeneration, 178–180
Column fittings, 107
Column heating, high-speed, 252
Column inner diameter, 132, 199–202.

See also Column diameter; Column
dimensions

Column length, 141–144, 202–204
high-speed GC, 232

Column material, 5
Column operation, 94–102
Column oven, 5

temperature control for, 180–185
Column overload, 424–425
Column packing, 77
Column packing particles, 78
Column parameters, manipulation of, 195
Column performance, test mixtures for

monitoring, 126–130
Column preparation, 105–109
Column-quality tubing, 516
Columns, 5. See also Capillary columns;

Dual-column entries; Gas
chromatographic columns; Glass
columns; Guard columns; Packed
columns; Retaining precolumn;
Specialty columns

central role of, 67–68
conditioning and care of, 108–109
cross-reference of, 150–151, 152
filling, 107–108
microfabricated, 268–270
molecular sieve, 689
multiple, 409–411
packed versus capillary, 111–114

Column selection, 68–70

Column temperature
decrease in, 105
high-speed GC, 232–233
influence of, 208–218
isothermal separations and, 209–211
programming hardware for, 216

Column variables, influence on separation
optimization, 199–204

Column volume, 5. See also Column
dimensions

Column volumetric flowrate, 471
Combustion, 634
Complexation constants, 627–630
Complexes, Purnell classification system

for, 628
Components, 5

retention indices of, 98
Compound classes, determined by gas

chromatography, 781–787
Compounds. See also Chemical

compounds
electron affinity of, 384
environmental concerns about, 786–787
high-boiling-point, 243
vapor pressures of, 626

Compressed-air plumbing systems, 502
Compressed-gas cylinders, 500

safety of, 504
Compression fittings, 510
Compression tube fitting, assembling,

522–523
Compressors, 503–504
Computer-based peak size measurement

systems, 430
Computers, 428. See also Microprocessors

role in separation optimization,
218–226

Concave isotherm, 32
Concentration, of semivolatile organic

compounds, 811–813
Concentration distribution ratio, 5
Concentration-sensitive detectors, 282
Connections, 521–523. See also

Connectors
purifier, 529

Connectors, 468, 512–515
Consumables, maintenance of, 468
Contaminants, trace, 520
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Contaminated soils, petroleum
fingerprinting of, 836–837

Continuous extraction, 587
devices and techniques for, 554

Continuous-flow model, 48
Continuous-mode pyrolysis, 38
Control chart, 984–985
Controlled dangerous substance (CDS)

laws, 889–890
Controlled-pyrolysis chromatographic

operations, 416
Controlled Substance Act, 889, 890
Controller, 725–731
“Control limits,” 985
Control standards, 983–985
Convection ovens. See also Forced-air

convection oven
cooling times for, 252
limitations of, 250–252

Convex isotherm, 32
Cool on-column inlet, 483–485
Coplanar PCBs, 846
Copper tubing, 516–517, 520
Corrected retention time, 5
Corrected retention volume, 6
Countercurrent extraction (CCE), 44
Crack cocaine, 895. See also Cocaine
Cracking, 672, 708–710
Craig, Mark E., 643
Cretaceous gas, 653
Criminalistics, 887
Critical micelle concentration, 625
Critical pair, 208
Critical parameters, 973
“Crossbonded” polymer, 162
Crosslinked phases, 156
Crosslinked polymer, 156
Crosslinking, stationary-phase, 156–160
Crosslinking reagent, binary, 160
Cross-sectional area of column, 6. See

also Column dimensions
Crude oil, synthetic, 663–666
Cruickshank method, 631
Cryo-focusing inlet systems, 244

high-speed GC, 242–243
Cryogenic preconcentration, 859–860, 861
Cryogenic trapping, VOC determination

using, 858–864
Cumulative (integral) detection system, 41

Curie point pyrolysis, 38, 634, 939–940,
950, 955. See also Pyrolysis gas
chromatography (PGC)

Current Contents, 70
Current Good Manufacturing Practice

(cGMP), 973
Cut and weigh technique, 426
Cyclic ketones, determining, 835
Cyclic silazanes, 125
Cyclodextrins, 166
Cylinder cradles, 536
Cylinders

changing, 505
compressed-gas, 500

Darcy’s law, 59
Data presentation, in gas

chromatography/mass spectrometry,
355–357

Data systems, high-speed GC, 250
DDT, 772, 784–785

breakdown of, 830
extraction of, 805

Dead time, 6
Dead volume, 6
Debye induction forces, 86
Definitions, chromatography-related, 3–19
Derivatization, 6, 597–598. See also

Pyrolysis derivatization technique
amphetamine, 744
of drugs, 904–905
GCMS, 344–345
methods of, 580–581, 817–818

Derivatizing reagent, 581
Designer drugs, 888, 890
Designer stationary phases, 259
Desorption, SBSE, 584–585
Desorption conditions, optimization of,

582–583
Desorption peak, 613
Detection, 6

types of, 41
Detection limits

ECD, 313
FID, 303
FPD, 328
TCD, 297

Detection modes, 332
Detection systems, sensitivity of, 282. See

also Detectors
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Detector attenuation change, effect of,
991–993

Detector cells, types of, 332–333
Detector errors, 458
Detector linearity, 6
Detector minimum detectable level

(MDL), 6
Detector response, 6

relative, 411–413
Detectors, 6, 277–337. See also Detection

systems; Differential detector; Flame
ionization detector (FID); Flame
photometric detector (FPD);
Nitrogen–phosphorus detector
(NPD); Photoionization detector
(PID); Thermal conductivity detector
(TCD); Thermionic detector (TID);
Thermionic specific detector (TSD)

alkali flame ionization, 315–316
atomic emission, 330–331
β-ray ionization cross-sectional, 305
chemiluminescence, 328–330, 701
chromatographic, 283, 284
closed-cell, 247
concentration-sensitive, 282
differential, 6
dynamic range of, 283–284
electrolytic conductivity, 331–333,

821–823
electrolyzer-powered

nitrogen–phosphorus, 319, 320
electron-capture, 8, 305–315, 412,

840–845
electronic leak, 468, 505, 525
flame, 240–247
in gas chromatography/mass

spectrometry, 352–353
gases used with, 493
general aspects of, 279–288
Hall electrolytic conductivity, 331–333
helium ionization, 323–325
high-speed GC, 245–250
hydrogen atmosphere flame ionization,

304
integral, 10
ionization, 11
mass flow, 282
mass-sensitive, 302
modulated, 295–297

nitrogen chemiluminescence, 329–330
noise characteristics of, 279–282
open-cell flame, 246–247
oxygen-specific flame ionization,

704–707
plane parallel electron capture, 306
pulsed-flame photometric, 327–328
pulse discharge electron-capture,

313–315
pulse discharge helium ionization,

324–325
selective, 286–288, 411–412
sensitivity of, 282
sulfur chemiluminescence, 329
thermionic, 315–320
typical characteristics of, 284
ultrasonic, 333–335
universal, 286

Detector selectivity, 6
Detector sensitivity, 6
Detector volume, 6
Device actuation, 494, 500
Dexsil, 164
Diabenzazepines, 749
Diagenesis, 648
Diaphragms, regulator, 507, 508
Diatomaceous earth supports, 77
Diatomite supports, 73–79
Differential detector, 6
Diffusion techniques, 440–441, 610

types of, 49–50, 103
Diffusion tube, 442

data related to, 441
Dimethyldichlorosilane (DMDCS), 76
Dimethylpolysiloxane, 153, 156, 157
Direct current plasma (DCP), 330
Direct injection, 7, 923–924
“Dirty” samples, 288, 484
Discrete-flow model, 47, 48
Discrimination, 7, 464, 477
Disk integrator, 427
Displacement chromatography, 7
Displacement development, 27, 28–30
Distillation

azeotropic, 811
methods of, 937
simulated, 636–638, 675–684
simulated versus “true,” 683

Distillation chromatograms, 680–682
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Distribution coefficient, 7, 136–138, 221,
222, 414

Distribution constant (K), 7, 30–32, 559
Documentation, 986–987

archiving, storage, and retrieval of, 987
Dopamine, 742
Dopant gas, 313
Double-dilution technique, 438–439
Double-standard preparation, 445–446
Drift, 280–281
Drill cuttings, 650
Driving under the influence (DUI) cases,

909–910
Drug analysis, 888–909. See also Drugs

of abuse
in biological fluids and tissues,

909–921
Drugs. See also Clinical/pharmaceutical

applications; Drugs of abuse
analytical assay for, 363–364
antiepileptic, 751–754
clandestinely manufactured, 908
metabolites of, 916
source discrimination and identification

of, 905–907
Drugs of abuse, 757–760

analysis of, 888–889
classification of, 893
qualitative analysis of, 892–903
quantitative analysis of, 903–905
screening for, 911–920

“Dry” carrier gas, 109
Dry flashback arrestor, 520–521
Dry purging, of air tubes, 857
Dual columns, 870
Dual-column confirmation, 840
Dual-column method, 951
Duplicate analysis, 985–986
Dybowski, Cecil R., 605
Dynamic dilution, 438–439
Dynamic gas standards, 438–445
Dynamic headspace, 563
Dynamic headspace extraction methods,

572–573
Dynamic headspace sampling (DHS),

790–794, 940–941
Dynamic mixing technique, 438
Dynamic mode, 591
Dynamic purge, 528

Dynamic range
detector, 283–284
FPD, 328

Dynamic reservoir cell, 332
Dynamic supercritical-fluid extraction

(SFE), 554, 591–593

Eddy diffusion, 49, 103, 494
Eddy diffusion term, 51, 55
Effective carbon number (ECN), 302–303
Effective theoretical plate number, 7–8,

97–98
Efficiency of column, 7
Eight-port valve, 596
Einstein diffusion equation, 50–51
Electrical requirements

for 5–20-gas chromatographs, 542
for two- to four-gas chromatographs,

537–539
Electrically heated metal cold traps,

242–243
Electrolytic conductivity detector (ELCD),

331–333, 821–823
Electrolyzer-powered FID (EFID),

304–305
Electrolyzer-powered

nitrogen–phosphorus detector
(ENPD), 319, 320

Electron affinity (EA), 385
of an anion, 384

Electron capture, 306, 382, 387–388
Electron-capture coefficient, 313
Electron-capture coulometry, 307
Electron-capture detection, separation of

PCB congeners using, 845–848
Electron-capture detector (ECD), 8,

305–315, 412, 840–845
for explosives analysis, 947
operation of, 306–310
performance of, 310–313

Electron-capturing compound, 314
Electronic integrators, 427–428. See also

Integrator entries
Electronic leak detectors, 468, 505, 525
Electronic mass flow controller (EMFC),

859
Electronic pressure control (EPC) devices,

497
Electronic pressure-controlled injection,

111
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Electronics, gas chromatography, 180–182
Electron ionization (EI), 348
Electron ionization mass spectra, 345,

357, 358
Electron ionization mass spectrometry,

358–360
Electron/molecule reactions, 384
Electron multiplier, 352
Electron paramagnetic resonance (EPR),

746
Elemental group analysis, 417–418
Eluant, 8
Elution, 8, 30, 36. See also

Programmed-temperature elution
isothermal, 220–223
temperature change and, 214
temperature-programmed, 223–226

Elution chromatography, 8, 27
Elution development technique, 30
Elution peaks, 96
Elution problem, 182–183
Empore disks, 800
Enantiomeric separations, 166
“Endocrine disrupters,” 876
Enflurane, 745
Enthalpy change, 618–619
Enthalpy of adsorption, 621
Enthalpy of mixing, 624
Enthalpy of solution, 624
Environmental analysis. See also

Environmental applications
future of gas chromatography in,

875–876
government regulation in, 774–777
headspace sampling of VOCs in,

787–794
role of gas chromatography in,

773–774, 866–875
Environmental applications, 40, 769–881.

See also Environmental analysis
analysis of airborne pollutants,

853–866
derivatization techniques, 817–818
determination of nonvolatile

compounds and chlorinated acid
herbicides, 849–850

determination of organometallic
compounds, 850–853

determination of pesticides and
polychlorinated biphenyls, 840–849

gas chromatographic methods for
SVOC determination, 828–840

gas-chromatography-determined
compounds, 781–787

historical perspective on, 772–773
sample extract cleanup, 813–817
semivolatile organic compound

extraction techniques, 794–800
SVOC concentration, 811–813
SVOC extraction techniques, 801–811
VOC determination, 818–828

Environmental crises, 771–772
Environmental protection, role of states in,

776
Environmental Protection Agency (EPA),

772, 776, 975. See also EPA methods
Environmental samples, 777–781

VOC determination in, 818–828
EPA methods, 165

column selection for, 165
Epinephrine, 742, 743
Equilibrium chemical equation, 550
Equilibrium distribution constant, 551
Equipment. See also Instrumentation

solid-phase extraction, 561–562
static headspace extraction, 565

Error. See also System errors
quantitative, 452–458
in surface area determinations, 617

Etched silicon channels, 268–269
Ethanol, 755–756

analysis of, 921–927
Ethylene, 711–713

impurities in, 712
Ethyl tert-butyl ether (ETBE), 702
Evaporation, 811–812

commercial equipment for, 812
Evidence, 886–888

collection and packaging of, 929
types of, 890–892

Exhaust flow system, FID, 301
Exhaustive extraction, 581–582
Exit peaks, 47
Explosives, electron-capture detection of,

947
Explosives analysis, 946–949
Expulsion, 649
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External standard calibration, 570
External standardization technique (EST),

8, 432–446
External standards, 727–728
Extracolumn band broadening, 237–239

column efficiency with, 239
Extractables, 782
Extraction

efficiency of, 551–554
gas chromatographic analysis and, 413
sensitivity of, 586–587
solvents for, 937–938
theory of, 549–554

Extraction fibers, choosing, 577–581
Extraction kinetics, in SPME, 576
Extraction mode, choosing, 581–582
Extraction techniques, for semivolatile

organic compounds, 794–800,
801–811

Extraction vessels, 591
Extraction volume, optimization of,

583–584

Faceseal fitting, 511
Fast capillary columns, sample capacity

of, 140
“Fast noise,” 280
Federal legislation, 774–776. See also

Controlled Substance Act;
Environmental protection entries;
Government regulation; Laws

Ferrules, 468, 475. See also Graphite
ferrules

inner diameter of, 168–170
materials for, 107, 167–172
tightening, 522–523

Fiber coatings, SPME, 578–579
Fiber evidence, 953–955
Fiber holder assemblies, SPME, 575
Fibers, PDMS, 580. See also Extraction

fibers; Stationary-phase-coated
fused-silica fiber

Filament and ribbon pyrolysis, 950
Filament element, 8
Film thickness, 139–140

bleeding and, 176
effect on separation, 138

Filter aid, 73, 74
“Fingerprint” analysis, 421, 656

GCFID, 836

Fingertip residue extraction, 957
Fire accelerants, 928
Fire debris

analysis of, 939
detection of ignitable liquid residues in,

928–946
Fittings, 468, 475, 520–521

ferrule, 167–172
overtightening, 106
regulator, 515
securing, 524

5–20-gas chromatographs, 539–542
Flame detectors, open-cell, 246–247
Flame ionization detection, 245. See also

Flame ionization detector (FID);
GCFID

Flame ionization detector (FID), 8, 286,
298–305, 412, 823, 826. See also
Alkali flame ionization detector
(AFID); Electrolyzer-powered FID
(EFID); Hydrogen atmosphere flame
ionization detector (HAFID);
Oxygen-specific flame ionization
detector (O-FID)

design of, 300–302
modifications to, 303–305
operation of, 298–300
performance of, 302–303

Flameless sulfur chemiluminescence
detector, 329

Flame photometric detector (FPD), 8,
325–328, 412, 674, 701, 845

design of, 326–328
operation of, 325–326
performance of, 328

Flames, premixed, 327
Flash vaporizer, 8
Florisil, 816–817

cleanup with, 845
Flow, 58–62

split-inlet, 476–477
Flow controller, 8
Flow devices, 497
Flow profiles, 60
Flow programming, 9
Flowrates, 9, 136

electron-capture detector, 307–308
of gases, 301
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measurement of, 498
TID, 318–320

Flow setting, splitless inlet, 481–482
Flowthrough techniques, 586–587
Fluorescent indicator adsorption (FIA)

method, 684
Flux, 522
Food and Drug Administration (FDA), 975
Food applications, 41
Forced-air convection oven, 182
Forensic science, 885–886
Forensic science applications, 883–967.

See also Forensic toxicology
analysis of drugs of abuse, 892–905
clandestine laboratory analysis,

907–909
drug analysis, 888–909
drug source discrimination and

identification, 905–907
explosives analysis, 946–949
miscellaneous, 956–957
physical evidence in, 886–888
pyrolysis gas chromatography, 949–956
trace evidence analysis, 928–957

Forensic scientists, functions of, 886
Forensic toxicology, gas chromatography

in, 909–928
Formation constants, 628
Forward searching, 362
Fossil fuels, petroleum-derived, 646–647
Four-gas chromatographic system

configurations, 537–538
Four-gas chromatographs, installing,

533–539
Fractionation methods, 658, 672
Free-energy changes, 624
Free-radical crosslinking, 156
Free silanol groups, 116
Freundlich equation, 32–33
Frit restrictor, 591
Frontal analysis, 27–28
Frontal chromatography, 9
Fronting, 9
Fuel gases, purging procedure for, 528
Fuel value determinations, 674
Full-mass-range scanning, 354
Functional group analysis, 417–418
Fused silica, synthetic, 116

Fused-silica capillary columns, 69, 111,
112, 114–117, 126

aluminum-clad, 117–119
extrusion of, 117
preparation of, 121–130

Fused-silica-lined stainless-steel capillary
columns, 119–121

Fused silica preform, 117

γ−hydroxybutyric acid (GHB), 381, 919
Gamma radiation, polysiloxane

crosslinking and, 160
Gap inspection gauge, 523
Gas choices, chromatograph, 499–500
Gas chromatographic acronyms,

definitions for, 995–1001
Gas chromatographic analyses. See also

Gas chromatographic methods; Gas
chromatography (GC)

of amphetamines, 744–745
of antiepileptic drugs, 753–754
ASTM methods for, 646
of drugs of abuse, 759–760
of inhalational anesthetics, 747–749
of prostaglandins, 761–763
of steroids, 765–766
of trace evidence, 928–957
of tricyclic antidepressants, 750–751
of volatile organics, 756–757

Gas chromatographic columns, 67–68.
See also Column entries;
Packed-column gas chromatography

ideal, 95
literature on, 70–71

Gas chromatographic data
in environmental analysis, 866–875
identification from, 405–416, 417–421

Gas chromatographic distillation (GCD),
637

Gas chromatographic methods. See also
Gas chromatographic analyses

for determining nonvolatile compounds
and chlorinated acid herbicides,
849–850

for determining organometallic
compounds, 850–853

regulatory purposes of, 773
for SVOC determination, 828–840
validation and quality assurance/quality

control of, 969–988
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Gas chromatographic operations, tandem,
415–416

Gas chromatographic optimization, 202,
223, 225–226

Gas chromatographic oven design,
181–182

Gas chromatographic supports/packings,
specific surface areas of, 612

Gas chromatographic symbols, definitions
of, 1001–1005

Gas chromatographic systems
calibration of, 976–977
errors in, 457–458
gas requirements of, 493
monitoring variables of, 1009
validation of, 458–459

Gas chromatograph/mass spectrometer
system, 342

Gas chromatograph operation, verification
after service, 974

Gas chromatographs, 9. See also Gas
chromatography (GC); Resolution
gas chromatograph

cooling, 216
installing, 529–542
integration and data-handling

capabilities of, 428
maintenance of, 868
performance qualification of, 973–974
procurement of, 970–973
service and maintenance of, 974
validation of, 970

Gas chromatography (GC), 9. See also
Capillary column gas
chromatography; Environmental
applications; Forensic science
applications; Gas chromatography/
mass spectrometry (GCMS); Gas
management systems; High-speed
gas chromatography (HSGC); Inlet
systems; Packed-column gas
chromatography

advantages and limitations of, 41–43
chiral separations by, 166
classes of compounds determined by,

781–787
clinical and pharmaceutical applications

of, 739–767
columns used in, 58–59

coupling with instrumental techniques,
418–419

definitions and nomenclature related to,
3–19

detectors in, 277–337
development of, 644
drug analysis by, 888–909
in environmental analysis, 875–876
explosives analysis with, 946–949
in forensic toxicology, 909–928
Internet resources related to, 71–72
MEMS, 271–272
miscellaneous forensic applications of,

956–957
optimization of, 226–227
physicochemical measurements by,

605–641
programmed-temperature, 183–185
qualitative analysis by, 404–421
quantitative analysis by, 422–459
role in environmental analysis,

773–774
sample preparation techniques for,

547–604
theory of, 25–63
useful hints for, 1007–1009
vacuum-outlet, 237
VOC determination using, 855–858

Gas chromatography applications, 37–41.
See also Applications

to catalysis, 635
in photochemistry, 636

Gas chromatography/electron ionization
mass spectrometry (GC/EIMS),
358–364

qualitative methods in, 360–362
quantitative methods in, 363–364

Gas chromatography/electron-capture
negative-ion chemical ionization
mass spectrometry (GC/ECNICIMS),
387–388

Gas chromatography/mass spectrometry
(GCMS), 339–401, 951. See also
Gas chromatography (GC)

background artifacts in, 357–358
chemical derivatization of, 344–345
chromatography and, 346
data presentation in, 355–357
detectors used in, 352–353
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for explosives analysis, 948–949
high-speed, 392–394
history of, 340–341
interfaces related to, 346–347
ionization methods for, 394–396
ion sources for, 348
mass analyzers used in, 349–352
sample preparation for, 344
scanning techniques in, 353–355
SVOC determination by, 829–831
temperature problems with, 347
trends in, 391–396
VOC analysis by, 818–821

Gas chromatography/negative-ion
chemical ionization mass
spectrometry (GC/NICIMS),
381–391

applications for, 380–381
kinetic and thermodynamic

considerations for, 384–386
Gas chromatography/positive-ion chemical

ionization mass spectrometry
(GC/PICIMS), 364–381

instrumentation in, 371–374
Gas cylinders

for four-gas chromatographs, 536–537
locating, 530
safety concerns for, 504–505

Gases
adsorption of, 607–611
chemisorption of, 617
plumbing two together, 524–525
purity of, 505–512

Gas generators, 500–503, 537
Gas leaks, 288
Gas lines

coding, 525
locating, 530
purging, 527–528

Gas–liquid chromatography (GLC), 9, 37,
341

separations in, 86
supports for, 72–79

Gas–liquid–solid chromatography
(GLSC), 79

Gas management systems, 491–543
installation and assembly of, 499–515,

524–542

mobile-phases selection and, 492–499
tubing and plumbing for, 515–523

Gasoline
aromatics in, 685–688
conversion of methanol into, 697

Gasoline additives, 701–707
Gasoline-range organics (GRO), 782

determining, 823–827
Gasoline samples, comparison of,

945–946
Gas-phase thermochemistry, 389
Gas purifiers, 508–512, 540–542
Gas samples

external standardization for, 435
injection syringes for, 455

Gas-sampling glow discharge (GSGD)
ionization source, 395–396

Gas-sampling valve, 9, 456–457
Gas–solid adsorption capillary columns

(PLOT columns), 167
Gas–solid chromatography (GSC), 9, 36,

606–617
adsorbents for, 79–84
analysis via, 289
rate theory of, 606–607

Gas–solid virial coefficients, 632
Gas standards, 431–432

dynamic, 438–445
static, 435–438

Gas valve inlet system, high-speed GC,
241

GC/EI analyses, 363
GCFID, petroleum fingerprinting using,

836–837. See also Flame ionization
detection; Flame ionization detector
(FID)

Gel permeation chromatography (GPC),
813–814

Gel-sol phases, 163
Geminal silanols, 116
“General elution problem,” 182–183
Geochemical studies, 650–663
Gibbs free energy, 368
Giddings–Golay equation, peak shape

simulations and, 226. See also Golay
equation

Glass capillaries, 111
Glass capillary columns, 114–117

coating of, 149
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Glass columns, 816. See also Glass
capillary columns

fittings attached to, 106
Glasses

as capillary column materials, 114–117
structures of, 115

Glass liners, 473–475, 486
Glass wool plugs, 107
Golay, Marcel, 109–110
Golay equation. See also Giddings–Golay

equation
differentiation of, 233
versus van Deemter expression,

130–132
Golay plots, 234, 235, 236, 237
Good Laboratory Practice (GLP), 973, 975
Government regulation, 975. See also

Controlled Substance Act;
Environmental Protection Agency
(EPA); EPA methods; Federal
legislation; Food and Drug
Administration (FDA); Occupational
Health and Safety Administration
(OSHA) codes

in environmental analysis, 774–777
Graphite ferrules, 167–168
Graphitized carbons, 80–83
Graphpacs, 80
Grignard reagent, 852
Grob, Robert L., 1, 25, 403, 991, 1007
Grob mixture, 973
Grob procedure, 128
Grounded lines, dedicated, 542
Group A molecules, 608
Group analysis, elemental and functional,

417–418
Group B molecules, 608
Group C molecules, 608
Group D molecules, 608–609
Guard column/retention gap, 178
Guard columns, 176–178
Guidance for Industry, 459
Gunshot residue (GSR), 949

Hagen–Pouseille equation, 201
Hair, analysis of, 920
Halide binding energies, 390
Hall electrolytic conductivity detector,

331–333

Hallucinogens, analysis of, 898–900
Haloacetic acids, determining, 850
Halocarbons, 72–79
Haloethers, determining, 833–834
Halogenated solvents, 320
Halogenated VOCs, 822, 824–825

determination of, 821–823
Halogen detection mode, 332
Halothane, 745
Hammett equation, 623
Handbook of Chromatography, 900–901
HayeSep polymers, 80
Headspace autosampler (HSAS) vial, 564,

565
Headspace extraction, 563–573, 584

static, 563–568
Headspace gas chromatography (HSGC),

563, 625, 788, 789
Headspace samples, vapor examination of,

939. See also Headspace sampling
entries

Headspace sampling
dynamic, 790–794, 940–941
static, 787–790, 938–939
of volatile organic compounds,

787–794
Headspace sampling and solid-phase

microextraction (HSSPME), 574,
584, 828. See also Headspace
solid-phase microextraction;
Solid-phase microextraction
(SPME)

Headspace solid-phase microextraction,
563

Heartcutting, 9, 725
Heating, at-column, 252
Heating current, TID, 318–320
Heating rate, effects on analysis time and

peak capacity, 252–255
Heavy solvent backflush methods, 654
Height equivalent to an effective plate, 9
Height equivalent to a theoretical plate

(HETP), 9, 45, 46–47, 57
column efficiency and, 95–97
values of, 494–495
versus linear velocity, 134

Helium
as a carrier gas, 133, 234–235, 330,

374, 375–378
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radiation of, 325
reagent gases and, 375–378

Helium discharge ionization detector
(HDID), 323, 324

Helium ionization detectors (HID),
323–325

Henry’s law, 627, 924
Heptane index, 654
Herbicides, triazine, 785
Heroin, 892–894
High-concentration samples, 288
High-level soils, 821
High-order explosives, 946
High-Resolution Chromatography, 232
High-resolution gas chromatography, 110,

111
High-speed gas chromatography (HSGC),

229–274
capillary columns for, 230
column design and operating conditions

for, 237
detectors for, 245–250
inlet systems for, 239–245
instrumental requirements for, 237–239
literature on, 231–232
microelectromechanical components

for, 268–272
pioneering studies in, 231
problems with, 233
requirements for, 232–233
selectivity enhancement methods for,

255–267
High-speed gas chromatography/mass

spectrometry (HSGC/MS), 392–394
High-speed gas chromatography systems,

portable and miniaturized, 267–272
High-speed separations, 230–231
High-speed temperature programming,

231, 232, 250–255
High-temperature gas chromatographic

(HTGC) analyses, 679–683
Hinshaw, John V., 193
Holdup time, 10
Holdup volume, 10
Hoses, flexible, 519–520
HP-PONA column, 693. See also Paraf-

fins–olefins–naphthenes–aromatics
(PONA) analysis

H /u profile, 103

Hydride abstraction reactions, 370
Hydride ion affinities (HIAs), 370
Hydrocarbon analysis, 644, 646
Hydrocarbon fractions, 666
Hydrocarbon positive-ion chemical

ionization reagent systems, 378–379
Hydrocarbons

analysis of, 651
biodegradation of, 660
C4–C7, 654
cracking of, 708
in gas, 507
separation of, 149

Hydrocarbon type analysis, 684–697
Hydrogen, HETP values of, 495–496
Hydrogen atmosphere flame ionization

detector (HAFID), 304
Hydrogen bonding, 117
Hydrogen-bonding sites, 74
Hydrogen-bonding techniques, 388–391
Hydrogen carrier gas, 133, 202, 205–206,

234–236
Hydrogen flow, in thermionic detectors,

318
Hydrogen generators, 500–502
Hydroxy-terminated phases, 161

Ideal chromatography, 33, 34
Ideal-gas law, 622
Ignitable liquid residues

chromatographic characterization of,
929–934

detection in fire debris, 928–946
detectors used for, 941–945

Ignitable liquids, classification of, 930
Immiscible liquids, 550
Inductive heating, 950
Inductively coupled plasma (ICP), 330
Inert-fused silica capillary columns, 68
Infrared spectroscopy (IRS), 40, 419, 951
Inhalational anesthetics, 745–749

gas chromatographic analysis of,
747–749

retention times of, 748
Initial and final temperatures, 10
Initial demonstration of proficiency

(IDPF), 871–872
Injection

considerations for, 466–468
large-volume, 484–485
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Injection point, 10
Injection port, 10
Injection port temperature, 347
Injection temperature, 10
Injector volume, 10
Inks, comparing, 956
Inlet liner diameter, 583
Inlet pressure, 467
Inlets, choosing, 466
Inlet septa, 974
Inlet splitting, 463
Inlet systems, 461–489

cool on-column inlet, 483–485
high-speed GC, 239–245
packed-column inlets, 468–470
programmed-temperature vaporization

inlet, 485–488
split inlets, 470–477
splitless inlets, 477–483

Inlet temperature, setting, 475–476
Inline purifiers, 508–512
Inorganic adsorbents, 611
Insect larvae, analysis of, 921
Instability constant, 628
Installation qualification (IQ), 972–973
Instantaneous (differential) detection

system, 41
Instructions, 986
Instrument qualification, 972–973
Instrumental techniques, coupling with gas

chromatography, 418–419
Instrumentation. See also Calibration

entries; Chemiluminescence
detectors; Computers; Detector
entries; Disk integrator;
Electron-capture detector (ECD);
Electronic entries; Equipment; Flame
photometric detector (FPD); Flame
ionization detector (FID);
Integrators; Laboratory entries; Mass
spectrometers; Microprocessors;
Photoionization detector (PID);
Photomultipliers; Quadrupole entries;
Resolution gas chromatograph;
Scanning electron micrograph
(SEM); Sensors

advances in, 422
commercial, 20
cool on-column inlet, 483

facilities that house, 971–972
gas chromatography/positive-ion

chemical ionization mass
spectrometry, 374

high-speed GC, 237–255
installation and setup of, 972
negative-ion chemical ionization mass

spectrometry, 386–387
packed-column inlet, 468–469
programmed-temperature vaporization

inlet, 486–487
pyrolysis gas chromatography, 597
split inlet, 470–471
splitless inlet, 478–479
static headspace extraction, 565
supercritical-fluid extraction, 589–591,

810
technical specifications for, 971
testing of, 973

Integral detector, 10
Integral restrictor, 591
Integral-type chromatogram, 28, 29
Integrator cables, 537
Integrators, 10

electronic, 427–428
Internal normalization technique, 446–449
Internal standard, 10

calibration of, 570–571
Internal standardization technique (IST),

10–11, 449–451
International Conference on

Harmonisation (ICP), 975
International Organization for

Standardization (ISO), 970
International Union of Pure and Applied

Chemistry (IUPAC), 3
Internet resources, 71–72
Interstitial fraction, 11
Interstitial velocity of carrier gas, 11
Interstitial volume, 11
Inverse gas chromatography (IGC)

applications of, 637
physicochemical measurements and,

636
Ion collector, 302
Ion exchange, 26
Ion source pressures, 384, 387
Ion sources, in gas chromatography/mass

spectrometry (GCMS), 347, 348
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Ion trap analyzer, 350–351
Ion trap devices, 249
Ion traps, 355
Ionization detection systems, 289
Ionization detectors, 11
Ionization energy (IE), 359, 370
Ionization mechanism, FID, 299–300
Ionization methods, for gas

chromatography/mass spectrometry,
394–396

Isoheptane index, 654
Isopropanol, 755
Isosteric enthalpy change, 618
Isothermal column temperature, 209–214
Isothermal elution, 220–223
Isothermal gas chromatogram simulation,

223, 224
Isothermal hold, 184
Isothermal mode, 11
Isothermal operation, versus temperature

programming, 182–183
Isothermal retention times, predicting, 215
Isothermal separation, high-speed, 263,

264, 266
Isotherm equations, 32–33
Isotherms, 30–33

Jet tip, 300–301
Junction point pressure, changing, 261,

262, 263

Kaiser, Mary A., 403, 605
Katharometer, 11
Keesom orientation forces, 86
Kerogen, 648, 649, 650
Kinetics, 632–634
Kovats retention indices, 87–89, 127, 409
Kuderna–Danish (K–D) apparatus,

811–812

Laboratory, standard operating procedures
in, 975–986

Laboratory analysis, clandestine, 907–909
Laboratory control samples (LCSs),

872–873
Laboratory fortified blank (LFB), 873
Laboratory information management

system (LIMS), 983
Laminar flow, 59, 61

LAMPA, 898–899
Langmuir equation, 33
Large-volume injection, 484–485
Laser-mode pyrolysis, 39
Laws, controlled dangerous substance,

889–890. See also Federal
legislation; Government regulation

LC/GC Magazine, 71
“Leading peaks,” 406
Leak detectors, electronic, 505, 525
Leaking underground storage tanks

(LUSTs), 823
Leaks, finding and eliminating, 525–527
Legislation. See Federal legislation;

Government regulation
Lester, Richard E., 969
Lewis acids, 76, 115
Light catalytic cycle oil (LCCO), 699–701
Light hydrocarbons, 655–656, 658
Limit of detection (LOD), 282–283, 980
Limit of quantitation (LOQ), 867,

874–875, 980
Linear dynamic range, 313
Linear flowrate, 12
Linear gas velocities, 102
Linear ideal chromatography, 34
Linear isotherm, 31
Linearity study, 977
Linear nonideal chromatography, 34–35
Linear quadrupole, 349–350
Linear range, 283, 979

ECD, 313
Linear response

FID, 303
TCD, 297

Linear restrictors, 591, 809
Linear temperature programming, 183,

184
Linear velocity, 12, 104

effect of carrier-gas viscosity on, 136
measurement of, 133–136
measuring with capillary columns, 499

Liquefied petroleum gas (LPG), 673
Liquid chromatography (LC), 27
Liquid chromatography/mass spectrometry

(LCMS), 340
Liquid–liquid extraction (LLE), 344,

550–551, 554–558
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Liquid–liquid extraction (LLE)
(Continued )

of semivolatile organic compounds,
794–797

versus solid-phase extraction, 559–560
Liquid phases, 12, 148

choosing, 85
Liquid residues, ignitable, 928–946
Liquid samples, efficiency and

quantitation for, 566–568
Liquid–solid chromatographic cleanups,

815–817
Liquid–solid chromatography, 36
Liquid standards, 445–446
Liquid substrate, 12
Local nonequilibrium, 49–50
Logarithm-adjusted retention time, 88.

See also Log retention time/
carbon number plot

Logbooks, 986–987
Log retention time/carbon number plot,

408–409
London dispersion forces, 85–86
Longitudinal diffusion, 43–44, 54
Long-term noise, 280
Lorazepam, 918
Low-explosive-level meter, 528
Low-order explosives, 946
Luer fittings, 455
Lysergic acid diethylamide (LSD),

898–899
screening for, 919

Macroscale liquid–liquid extraction, 554
Magnetic stirring, 582
Makeup gas, 247
Makeup-gas systems, purging, 528
Manual for the Analysis of Ethanol in

Biological Liquids, 925
Marijuana, 758
Marker, 12
Martin–James gas compressibility

correction, 234
Martire–Riedl (M/R) method, 629, 630
Mass, 283
Mass analyzers, 349–352
Mass chromatograms, 356
Mass distribution ratio, 12
Mass flow controllers, 497–498

Mass flow convection, heat loss due to,
292

Mass flow detectors, 282
Mass flowmeters, 539–540
Mass resolution, 352
Mass-sensitive detector, 302
Mass spectra

computer comparison of, 362
interpreting, 360–361

Mass spectrometer data systems, 362
Mass spectrometer ion source, 347, 348
Mass spectrometers, 148, 341, 419, 942

common features of, 353
time-of-flight, 247–250

Mass spectrometry (MS), 40, 163. See
also Gas chromatography/mass
spectrometry (GCMS)

Mass transfer contribution, 103–105
Masucci, John A., 339
Materials, capillary column, 114–121
Matrix solvent, choosing, 568
Matrix spike duplicates (MSDs), 873
Matrix spike samples (MSs), 873
Maximum column efficiency, 132
Maximum effective efficiency, 132
McReynolds constants, 87, 90, 91–93, 94,

410–411
stationary phase polarity and, 153

McReynolds retention indices, 89
McReynolds system, for classifying

stationary phases, 89–94
Mean interstitial velocity of carrier gas, 12
Measurements. See Area measurement;

Peak size measurements;
Physicochemical measurements

Megabore capillary columns, 132,
144–147, 186

Membrane-based extractions, 563,
594–595

Membrane extraction devices, 595
Membrane extraction with a sorbent

interface (MESI), 595
MEMS gas chromatography, 271–272.

See also Microelectromechanical
systems (MEMS) technologies

Merlin Microseal device, 473
Mesh range, 76–77
Metabolic clearance rate (MCR), 764
Metagenesis, 649
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Metal-clad capillary columns, 121–122
Metal cold traps, electrically heated,

242–243
Metal oxides, as adsorbents, 611
Methamphetamines, screening for, 917
Methane PICI spectrum, 379
Methanol, 755, 756
Method blanks (MBs), 872
Method detection limits (MDLs), 874–875
Method

range of, 979
robustness of, 980–981

Methods for the Determination of Organic
Compounds in Drinking Water, 776

Methoxyfluorane, 745, 747
Methylated herbicides, 850
Methylene chloride (MeCl), 794–795
Methyl tert-butyl ether (MTBE),

702–704, 782, 827
Microanalysis, 417
Microelectromechanical systems (MEMS)

technologies, 267. See also MEMS
gas chromatography

Microextraction, 796–797
Microfabricated columns, 268–270
Microfabricated sensors, 247, 270–271
Microfabricated valves, 240
Micro-GC, high-performance, 268
Microporous membrane liquid–liquid

extraction (MMLLE), 595
Microprocessors, advances in, 111. See

also Computers
Microscale liquid–liquid extraction, 554,

555–556
Microwave-assisted extraction (MAE),

594, 810
Microwave-induced plasma (MIP), 330
Mild pyrolysis, 38
Miniaturized high-speed GC systems,

267–272
Minimum detectable level (MDL), 282,

980
Mixed-phase cell, 332–333
Mixed stationary phases, 257–259
Mixtures

high-speed analysis of, 250
multicomponent, 411
wide-boiling-point-range, 254–255

Mobile phases, 12, 619–620, 636
selection of, 492–499
viscosity of, 496

Modulated detector, 295–297
Molecular diffusion, 103
Molecular ions, losses from, 362
Molecular sieve adsorbents, 80
Molecular sieve columns, 689
Molecular weight chromatography,

412–413
Molecule transition rate, 52
Mounting devices, 536
Moving phase, 13
“MS columns,” 162
MS-grade phase, 162
Multibed preconcentrator, microfabricated

versions of, 270–271
Multicolumn techniques, in process gas

chromatographs, 725, 726
Multidimensional (gas

chromatography)m/(mass
spectrometry)n (GCm/MSn),
391–392

Multilinear temperature programming,
183, 184–185

Multiple columns, 409–411
Multiple extractions, efficiency of,

553–554
Multiple-headspace extraction (MHE),

572, 789
Multiple-ion monitoring (MIM), 355
Multiple-path (multipath) effect, 103
m/z ratio, 349, 350

Nafion dryer, 860
Naphthenes, 646
Narcotics, analysis of, 892–894
National Discharge Elimination System

(NPDES), 775
National Fire Protection Agency (NFPA)

codes, 521
National Institute of Standards and

Technology (NIST)
database of, 821
mass spectral library of, 362
reference standards of, 978

National Institute on Drug Abuse (NIDA)
guidelines, 911

n-C8-S-Au sensors, 270
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Nearest-neighbor technique, 94
Negative-electron ionization, 364
Negative-ion chemical ionization (NICI),

364. See also NICI entries
Negative-ion chemical ionization mass

spectrometry (NICIMS), 381–391
advantages of, 381–383
instrumentation for, 386–387

Negative-ion mass spectrometry (NIMS),
948

Negative ions, 359
Net retention volume, 13
N-EVAP, 812
NICI acidity/hydrogen-bonding technique,

382–383
NICI electron-capture technique, 382
NICI spectrum, 383
Nickel tubing, 107
63Ni radiation source, 307
Nitroaromatics, determining, 835
Nitrogen, HETP value for, 494, 495
Nitrogen chemiluminescence detector,

329–330
Nitrogen compounds, 697–701
Nitrogen detection mode, 332
Nitrogen generators, 501, 502–503
Nitrogen–phosphorus detector (NPD), 13,

315, 317, 699–701, 845, 911
electrolyzer-powered, 319, 320

Nitrogen rule, 361
Nitrosamines, determining, 835
Nitrous oxide, 745–746, 807
N-nitroso-di-n-propylamine, PICI

spectrum of, 377
Noise

FID, 303
FPD, 328
measurement of, 281
TCD, 297

Nomenclature, chromatography-related,
3–19

Nonideal chromatography, 33, 34–35
Nonlinear ideal chromatography, 36
Nonlinear nonideal chromatography,

36–37
Nonpolar phases, 149
Nonpolar polysiloxane phases, 149–152
Nonpolar siloxanes, 159
Nonradioactive ECD, 313–315

Nonspecific adsorbents, 609
Nonsymmetric band spreading, 610
Nonvolatile compounds, determining, 850
Norepinephrine, 742, 743
Normal pyrolysis, 38
Nuclear magnetic resonance (NMR), 746
Nylon tubing, 517

Occupational Health and Safety
Administration (OSHA) codes, 521

Octamethylcyclotetrasiloxane, deactivation
of, 124

OH-terminated polysiloxanes, 152
Oils, 656–658
Olefins, 646, 708–717
OMI purifier, 510, 512
On-column band broadening, 238
On-column injections, 13, 111, 346, 347
On-column inlet, 465
One-gas chromatographs, plumbing for,

530–533. See also Single-gas
chromatograph

Open-cell flame detectors, 246–247
Open tubular columns (OTCs), 13, 98,

109, 230, 231, 233
versus packed columns, 100

Operational qualification (OQ), 973
Opiates, 914
Opioids, 758
Optimization, successful, 195. See also

Separation optimization
Optimization engine, 219
Optimization system models, 222
Ordinary diffusion, 49
Organic acids, 817, 818
Organic adsorbents, 611
Organic compounds

identification of, 417
volatile and semivolatile, 781–783

Organic contaminants, in soil, 801–802
Organic molecule bond energies, 359
Organitin compounds, 585
Organochlorine pesticides, 840–845
Organometallic compounds, 608, 787

determining, 850–853
Organophosphorus pesticides, determining,

845
Orthorhombic sulfur, GPC cleanup of, 817
Outlets, dedicated, 499
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Ovens
column, 5, 180
convection, 250–252
forced-air convection, 182
gas chromatographic, 181–182

Oven temperature control, subambient,
185

Oven temperature profiles, for
programmed- temperature gas
chromatography, 183–185

Oxalic acid, determination of, 956
Oxygen-specific flame ionization detector

(O-FID), 704–707

Packed-column gas chromatography,
72–109. See also Packed-column
PGC

Packed Column in Gas Chromatography,
The (Supina), 79

Packed-column inlets, 468–470
advantages and disadvantages of,

469–470
Packed-column PGC, 955. See also

Pyrolysis gas chromatography (PGC)
Packed columns, 13

ferrule materials for, 108
flowrate measurement with, 498
flow through, 60, 61
mass flow controllers for, 497–498
versus capillary columns, 69, 111–114,

196–199
versus open tubular columns, 100

Packed-column separation, optimization
of, 102–105

Packing density, 77–78, 79
Packing material, 13
Paint evidence, 950–953
“Paper dolls” technique, 426–427
Paraffins, 646
Paraffins–olefins–naphthenes–aromatics

(PONA) analysis, 684, 693–695,
697. See also HP-PONA column

Parallel-plate tritium source, 311–312
Particle size, screen openings and, 78
Partition chromatography, 13, 26
Partition coefficient, 13
Passive headspace procedure, 939–940
PCB Aroclors, 842–843
PCB congeners, high-resolution separation

of, 845–848

PDMS-coated capillary columns, 579
Peak area, 13. See also Peak

height/width/area
measurement of, 425

Peak base, 13
Peak broadening, 131, 614
Peak capacity, 233

effects of heating rate on, 252–255
large losses in, 255
reduced, 256

Peak diffuseness, 610
Peak height, 13, 422–425. See also Peak

height/width/area
percentage of, 128
reproducibility of, 424

Peak height/width/area, effect of detector
attenuation change and chart speed
on, 991–993. See also Peak area;
Peak height; Peak width

Peak identification, qualitative analysis
without, 421

Peak maximum, 13
Peak resolution, 13, 207–208

across a range of column temperatures,
212–213

effect of column length on, 202–204
Peak retention times, computing, 223
Peaks, 13. See also Peak height/width/area

identifying, 39–40
megabore-column-generated, 146
retention behavior of, 220–221
trapping, 419–421

Peak shape, 429. See also Peak
height/width/area

multilayer adsorption and, 614, 615
simulation of, 226

Peak size measurements, 422–431. See
also Peak height/width/area

comparison of, 428–431
errors in, 429
on a sloping baseline, 430

Peak tailing, 76
Peak width, 13. See also Peak

height/width/area
at half-height, 14

Pentachlorophenol (PCP), extraction of,
805

Pentafluorobenzylbromide (PFBBr), 836
Pentane, 126
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Performance evaluation standards (PESs),
874

Performance index (PI), 14
Performance qualification (PQ), 973–974
Performance specifications, 971
Permanent gases, separation of, 149
Permeation rates, 444
Permeation tube, 443–445
Personnel, 975
Pesticide applications, 41
Pesticide residue analysis, 414
Pesticides, 783–786

alternate methods for determining,
848–849

determining, 840–849
Florisil cleanup of, 816–817
organochlorine, 841
organophosphorus, 785
relative retention times for, 410

Pesticide sampling, 866
Petrochemical analysis, 644
Petrochemicals, 708–719
Petrochemical sources, alternative,

663–666
Petrocol DH column, 707
Petroleum

composition of, 647–648
conversion of organic matter to,

648–649
exploration for and production of,

646–666
refining of, 666–707

Petroleum analysis, 644–645
standardization of, 645–646

Petroleum fingerprinting, 836–837
Petroleum fractions, heavy, 683
Petroleum geochemistry, GC application

to, 659–660
Petroleum industry

applications related to, 40
terminology of, 646

PGCMS, 951, 953. See also Pyrolysis gas
chromatography (PGC)

PGE prostaglandins, 760, 761
PGF prostaglandins, 760, 761
Pharmaceutical applications, 40. See also

Clinical/pharmaceutical applications
Pharmaceutical methods, validation of,

975

Pharmaceuticals, assaying, 569
Pharmacological effects

of alcohol, 755
of amphetamines, 742
of antiepileptic drugs, 751–752
of drugs of abuse, 758
of inhalational anesthetics, 745–746
of prostaglandins, 760–761
of tricyclic antidepressants, 749

Phase-coated thermal modulators,
243–245

Phase meter, 334
Phase ratio, 14, 136–139
Phase rule, 550
Phases

chiral stationary, 165–166
crosslinked versus chemically bonded,

156
MS-grade versus polysilarylene or

polysilphenylene, 162
phenylpolycarborane-siloxane, 164–165
solgel stationary, 163–164

Phase selectivity, 153
Phencyclidine (PCP), 898, 899–900

screening for, 918–919
Phenethylamines, 894
Phenobarbital, 752
Phenols, determining, 836
Phenylene phase, 162
Phenylethylmalonamide (PEMA), 753
Phenylpolycarborane–siloxane phases,

164–165
Phenytoin, 752
Phosphorus-containing compounds, 326
Photochemistry, physicochemical

measurements and, 635–636. See
also Chemiluminescence detectors

Photoionization, 321–322, 821–823
Photoionization detector (PID), 14,

320–323, 822–823
characteristics of, 322–323
operation of, 321–322

Photomultiplier noise, 328
Photomultipliers, 353
Photomultiplier tube (PMT), 325–326
Phthalate esters, determining, 834–835
Physical evidence, 886–888

types of, 890–892, 950–956
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Physicochemical measurements, 605–641
accuracy and precision of, 638–639
complexation constants and, 627–630
gas–solid chromatography and,

606–617
kinetics and, 632–634
pyrolysis and, 634–635
solution thermodynamics and,

622–625
surface thermodynamics and, 617–622
vapor pressure and Henry’s law and,

625–627
virial coefficients and, 630–632

PICI sensitivity, 372. See also Positive-ion
chemical ionization mass
spectrometry (PICI)

PICI spectra, 372–374, 377–378, 379,
380

Pink diatomite, 73, 74
Pipe still, 672
Plane parallel electron capture detector,

306
Planimeter method, 427
Plasma excitation sources, 330
Plate columns, elution peaks for, 96
Plate height, 207
Plate number, required, 99–100
Plate theory, 35, 44–48
PLOT columns. See Porous-layer open

tubular (PLOT) columns
Plugs, glass wool, 107
Plumbing

for gas management systems, 515–523
for one-gas chromatographs, 530–533
problems associated with, 529

PNA analysis, 689–692
Polar analytes, 74–76
Polar columns, coating efficiency of,

147–148
Polar interactions, 798
Polarity, 14, 87

of the stationary phase, 90
Polar phases, 148–149
Pollutants, airborne, 853–866. See also

Air pollution entries
Polyacrylate coating, 579
Polyamides, 117
Polyarylene–siloxane phases, 152

Polychlorinated biphenyls (PCBs),
783–786, 840, 842. See also PCB
entries

alternative methods for determining,
848–849

determining, 840–849
sampling, 866

Polychlorinated dibenzodioxins (PCDDs),
786

determining, 837–840
Polychlorinated dibenzofurans (PCDFs),

786
determining, 837–840

Polycyclic aromatic hydrocarbon
separation, 556

Polydimethyldiphenylsiloxane, stationary
phases of, 154

Polydimethylsiloxane (PDMS), 800. See
also PDMS-coated capillary
columns

Poly(ethylene glycol)s (PEGs)
crosslinking of, 160
phases of, 149, 154–156

Polymer crosslinking, problems with, 159
Polymer evidence, 955
Polymeric membrane extraction (PME),

595
Polymeric synthesis, 160
Polymethylsilicones, hydroxy-terminated,

160
Polynuclear aromatic hydrocarbons

(PAHs), 783, 864, 865, 866
determining, 831

Polysilarylene phase, 162
Polysiloxanes, 95, 149, 153–154

deactivating methods using, 123–124
thermal degradation of, 123

Polysiloxane-type phases, 94
Polysilphenylene phase, 162
Porapaks, 80
Porous-layer open tubular (PLOT)

columns, 14, 167, 498, 610, 685
Porous polymer adsorbents, 79–80, 81–82
Portable high-speed GC systems, 267–272
Position peaks, 47
Positive-ion chemical ionization mass

spectrometry (PICI), 364–381. See
also PICI entries; Self-PICI reaction
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Positive-ion chemical ionization mass
spectrometry (PICI) (Continued )

advantages of, 364–367
kinetic and thermodynamic

considerations for, 367–371
Potentiometric recorder, 14
Power requirements, gas management

system, 499
Precision, in physicochemical

measurements, 638–639
Precision data, 978–979
Precolumn sampling (OTC), 14
Preconcentrators, microfabricated,

270–271
Pressure, 14
Pressure controls, 497

for capillary problems, 498
Pressure gauges, 510, 520
Pressure gradient correction coefficient,

14
Pressure-relief devices, 520
Pressure swing adsorption, 503
Pressure-tunable column ensemble,

261
Pressure–velocity relationship, 202
Pressurized fluid extraction, of

semivolatile organic compounds,
804–806

Pretreated cylinders, 435
Primary cations, 365
Primary migration, 649
Primidone, 752–753
Probability-based matching (PBM)

software, 362
Probes, liquid-phase-classification, 90
Process chromatographs, 722–731

applications of, 731–732
Process chromatography, 719–732
Process gas chromatographic analyzer

system, 722
Process temperature programmed gas

chromatographs, configurations for,
729

Product line designations, 152
Programmable selectivity, with tandem

capillary columns, 259–263
Programmed-temperature elution, 216

optimization of, 217

Programmed-temperature gas
chromatography, 14. See also
Process temperature programmed gas
chromatographs; Temperature
programming entries

oven temperature profiles for, 183–185
Programmed Temperature Gas

Chromatography, 184
Programmed-temperature vaporization

(PTV), 462, 463
Programmed-temperature vaporization

inlet, 465, 485–488
advantages and disadvantages of, 488
operation modes of, 487

Programmer, 725–731
Propylene, 713–715
Prostaglandins, 760–763

gas chromatographic analysis of,
761–763

Proton affinities (PAs), 368–3709
Protonated molecular cations, 365
Pseudo-first-order rate, 310
PUF cartridge, 866
Pulsed-flame photometric detector

(PFPD), 327–328
Pulse discharge electron-capture detector

(PDECD), 313–315
Pulse discharge helium ionization detector

(PDHID), 324–325
Pulsed variable frequency, 309–310
Pulsed voltage, 308–309
Pulse flow modulation, with tandem

capillary columns, 263–267
Pulse-mode pyrolysis, 38
Purge and trap methods, 572–573, 940
Purged splitless injection, 15
Purge OFF time, 481–482
“Purge on”/“purge off” configurations,

478, 479
Purge valve, 465
Purifier connections, 529
Purifiers, 508–512

maintenance program for, 541
Purnell classification system for

complexes, 628
p value, 413–415
Pyrograms, 15, 38, 952, 954

“large molecule” and “small molecule,”
416
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Pyrolysis, 15, 595–596
closed-system, 651, 652
controlled, 416
Curie point, 950
filament and ribbon, 950
open-system, 652
types of, 38

Pyrolysis derivatization technique,
956

Pyrolysis gas chromatography (PGC),
15, 38, 634–635, 951–956.
See also PGCMS

forensic science applications of,
949–956

Pyrolysis reproducibility parameters,
39

Pyrolysis systems, 949–950
Pyrometer, 15
Pyroprobe, 953–955
Pyroprobe systems, 950

QA/QC. See Quality assurance/quality
control (QA/QC)

Quadrupole devices, 249, 341
Quadrupole mass spectrometers,

386
“Quad studies,” 872
Qualification, in environmental analysis,

869–871. See also Qualitative
analysis; Quality assurance entries

Qualitative analysis, 15, 404–421
logic of, 421
without peak identification, 421

Quality assurance (QA), 638–639, 970.
See also Quality assurance/quality
control (QA/QC)

in environmental analysis, 871–874
Quality assurance plan (QAP), 871
Quality assurance/quality control

(QA/QC), 969–988
Quality control charts, 873–874
Quality control (QC) lab, 195. See also

Quality assurance/quality control
(QA/QC)

Quantification. See also Quantitative
analysis

of amphetamines, 744–745
of antiepileptic drugs, 754
of drugs of abuse 759, 760

in environmental analysis, 867–869
of inhalational anesthetics, 748–749
of prostaglandins, 763
of steroids, 766
of tricyclic antidepressants, 751
of volatile organics, 757

Quantitative analysis, 15, 422–459
standardization and, 431–452

Quantitative error, 452–458
Quick-connect fitting, 174

Radiation source, electron-capture
detector, 307

Radical anions, 359
Radical cations, 359, 378–379
Raffinate, 553
Ramp rate, 185
Range of method, 979
Raoult’s law, 622
Rate equation, 633
Rate of reaction, 632
Rate theory, 35, 48–62
Reaction energy (RE), 370
Reaction studies, 633
Reagent gases

amine, 379–380
chromatographic carrier gas substituted

as, 374–375
dissociative attachment anions of, 389
helium chromatographic carrier gas

and, 375–378
hydrocarbon, 378, 379, 380

Reagent systems
amine positive ion chemical ionization,

379–380
hydrocarbon positive-ion chemical

ionization, 378–379
Receptors, 763
Recombination energy, 370
Refinery gas analyses, recent system for,

675
Refinery gases, 673–675

separation of, 169
Refinery gas streams, fuel value of, 674
Regulators, 507–508, 512–515

fittings for, 515
vent holes in, 526–527

Regulatory agencies, 975. See also
Government regulation
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Relative detector response, 411–413
Relative percent difference (RPD), 873
Relative response factor (RRF), 867
Relative retention, 15
Relative retention times (RRTs), 870

for pesticides, 410
Relative standard deviation (RSD), 867
Repeatability, 978
Repeller voltage, 387
Replacement parts, 974
Reports. See Documentation
Reproducibility, 979
Required plate number, 15, 99–100
Resistance-to-mass transfer, 43
Resistive heating, 950
Resolution, 15, 98–99

effect of column changes on, 104
effect of stationary phase and column

temperature on, 105
Resolution gas chromatograph, 42
Resolution window diagram, 213
Resonant size, 804
Response factor equations, 286
Response factors, 284–286

ECD, 310–312
FID, 302–303
TCD, 297

Restrictors, types of, 591
Retaining precolumn, 485
Retention data, 405–408

comparison of, 406
Retention factors, 99–99, 138, 222

relation to column temperature, 232
Retention gap, 176–178, 346
Retention indices (RIs), 15, 87–89, 409,

910, 913–914
Retention times. See also Log retention

time/carbon number plot
adjusted, 3
absolute, 16, 88
for antiepileptic drugs, 754
carrier-gas flow and, 424
comparing, 407–408
corrected, 5
effect of column length on, 204
for inhalational anesthetics, 748
isothermal, 215
linear velocity and, 205
peak, 223

pesticide, 410
relative, 410, 870
sample size and, 406–407
temperature and, 208–218, 423

Retention time windows, 981
Retention volume

absolute, 16
adjusted, 3, 97
corrected, 6
net, 13
specific, 17

Reversed-flow GC, 633
Reverse-flow sorption trap, 246
Reverse searching, 362
Reynolds numbers, 61
Robustness of method, 980–981
Rotameters, 539–540
Rotary gas-sampling valve, 457
Ruggedness of method, 980

Sacks, Richard D., 229
Saliva, analysis of, 920–921
“Salting out” effect, 557, 562
Sample blanks, 288
Sample components, separation of, 27
Sample evaporation, 469
Sample extracts, cleanup of, 813–817
Sample injection, 453–457, 462
Sample injector, 16
Sample introduction, error and, 453–457
Sample loops, high-speed GC, 239–242
Sample matrix effects, 572
Sample preparation. See also Sample

preparation techniques
automation in, 596–597
for controlled substances, 890–892
gas chromatography/mass spectrometry,

344
static headspace extraction, 565–566

Sample preparation techniques, 547–604.
See also Extraction theory; Sample
preparation

headspace extraction, 563–573
liquid–liquid extraction, 554–558
sample types and, 549
solid-phase extraction, 558–563
sorbent-based microextractions,

574–587
Samples, 16

contaminated, 484, 781



INDEX 1039

environmental, 777–781
pretreatment of, 413
storing, 530
unconventional, 920–921

Sample size, retention time and, 406–407
Sample system, 722–723
Sample tracking, 983
Sampling. See also Dynamic headspace

sampling (DHS); Gas-sampling glow
discharge (GSGD) ionization source;
Headspace sampling entries; Rotary
gas-sampling valve

containers for, 453
pesticide, 866
precolumn, 14
subatmospheric, 859

Sampling techniques, error in, 452–453
Saturated hydrocarbons, 608
Saturate–olefin–aromatic (SOA) content,

684
Saturates, 646
Saturation vapor pressure (SVP), 439
Scanning electron micrograph (SEM),

144, 145
Scanning mass analyzers, 249
Scanning modes, 354–355
Scanning techniques, gas

chromatography/mass spectrometry,
353–355

Scientific Working Group for the Analysis
of Seized Drugs (SWGDRG), 892

SCOT (support-coated open tubular)
column, 16, 697

Secondary cations, 365
Secondary migration, 649
Second virial coefficients, 631–632
Security policy, 971–972
Selected ion chromatograms, 356
Selected-ion monitoring (SIM), 354–355,

363, 831, 849, 942
Selective detector, 286–288, 411–412
Selective sampling, 16
Selectivity, 976

adjustment of, 256–267
in GLC, 86–87
liquid phase, 85
tunable/programmable, 259–263

Selectivity enhancement methods,
high-speed GC, 67

Selectivity optimization, for mixed
stationary phases, 257–258. See also
Selectivity enhancement methods

Self-PICI reaction, 365, 366–367
Semivolatile organic compounds

(SVOCs), 781, 782–783. See also
Volatile organic compounds (VOCs)

in air, 864–866
concentration of, 811–813
extraction techniques for, 794–800, 801
gas chromatographic methods for

determining, 828–840
isolating from soil, 801

Sensitivity (S), 980
atomic emission detector, 331
detection system, 282
detector, 282, 283
FPD, 328

Sensitivity gas chromatograph, 42
Sensor array detection, 268
Sensors, microfabricated, 270–271
Separation behavior, 208
Separation efficiency, 16
Separation factor, 16, 99, 100–101
Separation factor optima, 211. See also

Separation optimization
Separation number, 16, 101, 253, 254
Separation optimization, 193–218

choices related to, 195–199
column variables and, 199–204
influence of operational variables on,

205–218
reasons for, 194–195
role of computers in, 218–226
system models for, 220–226

Separation quality, 262
Separations, 16

high-speed, 230–231, 265–267
Separation temperature, 16
Septa

alternatives to, 473
capillary-inlet, 471–473

Septum bleed, 16, 472
Septum problems, 455–456
Septum purge, 470–471
Series-coupled column ensemble,

259–260
Sevofluorane, 745
Shale oil, 663–665
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Short columns, 233, 236
Short-term noise, 280
Shutoff valves, 534–536
Sidegroup scission, 595
Signal-to-noise ratio (S/N), 281–282
Silanol deactivation, 121–126
Silanol groups, 74, 122

categories of, 116
Silazanes, 125
Silcosteel, 120
Silicon hydride polysiloxanes,

dehydrocondensation of, 123
Siloxane group, 74
Silphenylene(arylene) phases, 162
“Siltek” process, 126
SilTite metal ferrules, 168
Silylation, 818
Silylation reagents, 320
Simulated distillation (SIMDIS), 636–638,

675–684
analysis, 636–637

Simulation programs, 226
Single-drop microextraction, 556–557

kinetics of, 557
Single-gas chromatograph, installing,

529–533. See also One-gas
chromatographs

Single-gas chromatographic system
configurations, 531–535

Single-stage regulator, 513
Six-port valve, 573
Size exclusion chromatography (SEC), 26
Slack, Gregory C., 547
Small column diameter, 235–236
Smith, Edward F., 643
Smokeless powders, identification of, 956
Smoking, 758
Snow, Nicholas H., 461, 547
Snyder, John L., 769
Soap-bubble meters, 498
Software validation, 981–983
Soils

high-level, 821
SVOC extraction from, 801–811

Soil samples, 778, 779, 791
Soil-sampling data, 452
Solgel stationary phases, 163–164
SolGel-WAX column, 163–164
Solid-phase enrichment, 813

Solid-phase extraction (SPE), 344,
558–563. See also Solid-phase
microextraction (SPME)

applications of, 562–563
of drugs, 891
of drugs of abuse, 910–911
of semivolatile organic compounds,

797–800
versus liquid–liquid extraction,

559–560
Solid-phase extraction cartridge, 559–560
Solid-phase microextraction (SPME), 344,

555, 574–577, 875, 891, 927, 940.
See also Solid-phase extraction
(SPE)

applications of, 584
method development in, 577–584
of semivolatile organic compounds, 800

Solids, specific surface area of, 611–612
Solid samples, SVOC extraction from,

801–811
Solid supports, 17, 72–84

cross-reference of, 76
Solubility

physicochemical measurements and,
638

temperature and, 589, 806, 808
Solubility isotherm, 589
Solute, 17
Solute fraction, 551–552
Solute molecules, groupings of, 608–609
Solution coating, 105–106
Solution thermodynamics, 622–625
Solvent effect (OTC), 17
Solvent effect focusing, 480–481
Solvent efficiency, 17
Solvent evaporation, 105–106
Solvent extraction, 937–938
Solvent flameout, 327
Solvent refined coal (second) (SRCII)

process, 666
Solvent rinse kit, 180
Solvents, 17

“blanking,” 445, 452
nonpolar, 518

Solvent selection, in GCMS, 344
Solvent temperature, increasing, 806
Solvent venting (OTC), 17
Sonication extraction, 803–804
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Sorbates, groupings of, 608–609
Sorbent-based microextractions, 574–587
Sorption–desorption kinetics, 610
Sorption traps, 245
Soxhlet extraction, 555, 852, 865

of semivolatile organic compounds,
802–803

Span of the recorder, 17
Specialty columns, 165–167
Specific adsorbents

with electron densities on the surface,
609

with positive surface charges, 609
Specificity, 976
Specific retention volume, 17
Specific surface area, 17, 611–612, 613
Spectral acquisition rates, 248
Spectral continuity, 248–249
Spectral deconvolution algorithm, 250
Spectral libraries, 419
Speed enhancement factor (SEF), 393
Spiking, 288
Split and Splitless Injection in Capillary

Gas Chromatography, 463
Split injection (OTC), 17, 346, 470, 471
Split inlets, 463, 464, 470–477
Splitless injection (OTC), 17, 346, 829
Splitless inlets, 464–465, 477–483, 582

optimization of, 482–483
Split ratio, 471, 476–477
Splitter, 17
Splitting, discrimination and linearity of,

477
SPME Applications Guide (Supelco), 584
Stability constants, 628
Stable heavy isotopes, 361
Stainless-steel columns, 110
Stainless-steel tubing, 516
Standard addition technique, 978

calibration for, 571–572
Standard deviation (SD), 978
Standard Guide for Validation of

Laboratory Information Management
Systems, 983

Standardization, 431–452. See also
Standards

errors associated with, 451–452
external, 432–446
internal, 449–451

summary of, 451–452
Standard mixtures, laboratory preparation

of, 436
Standard operating procedures (SOPs),

975–986
preparation and revision of, 975

Standards. See also Standardization
“certified,” 435
drug analysis, 904

Standard temperature and pressure (STP),
612

Statement of Work for Organic Analysis,
776

Static gas standards, 435–438
Static headspace, 563
Static headspace analysis, 563
Static headspace extraction (SHE),

563–568
efficiency optimization for, 566–568

Static headspace gas chromatography,
quantitative techniques in, 568–572

Static headspace procedure, 924–927
Static headspace sampling (SHS),

787–790, 938–939
Static mode, 593
Static purge, 528
Static SPME, 584
Static supercritical-fluid extraction,

591–593
Stationary liquid phases, 320
Stationary-phase bleed, 323
Stationary-phase-coated fused-silica fiber,

574
Stationary-phase concentration, column

temperature and, 105
Stationary-phase film, chemically bonding,

160–162
Stationary-phase fraction, 18
Stationary-phase immobilization, chemical

bonding approach to, 161
Stationary-phase polarity, McReynolds

constants and, 153
Stationary phases, 18, 85–105, 619–620,

636
commonly used, 91–93
consolidation of, 94
crosslinking of, 156–160
designer, 259
development of, 256
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Stationary phases (Continued )
film thickness of, 140–141
McReynolds classification of, 89–94
mixed, 257–259
recommended, 181
for selected applications, 181
solvent evaporation and, 106
types of, 152

Stationary-phase selection, 86
for capillary gas chromatography,

148–180
Stationary-phase selectivity, change in,

198
Stationary-phase viscosity, 149
Stationary-phase volume, 18
Statistical process control, 983–985
Steam cracker, effluent analysis of, 710
Steam cracking, 708, 718
Sterchmal, 73
Steroid conjugates, 765
Steroids, 763–766

anabolic, 900–903
dosage forms of, 902
gas chromatographic analysis of,

765–766
Stimulants, analysis of, 894–895
Stirbar sorptive extraction (SBSE), 574,

584–586
Stock standards, 868
Styrene–butadiene rubber (SBR), 717
Subatmospheric sampling, 859
Subtractive chromatographic analysis, 690
Subtractive-precolumn chromatographic

operations, 415–416
Sulfur, GPC cleanup of, 817
Sulfur chemiluminescence detector (SCD),

329
Sulfur compounds, 326, 697–701
Sulfur detection mode, 332
SUMMA canisters, 853

VOC determination using, 858–864
Supercritical-fluid chromatography (SFC),

589
Supercritical-fluid extraction (SFE),

588–593, 875
analytical-scale, 808–809
dynamic versus static, 591–593
of semivolatile organic compounds,

806–810

Supercritical fluids (SFs), 588–589
physical parameters of, 807

Superox-4, 154, 156
Supersonic molecular beam (SMB)

interface, 393
Supported liquid membrane extraction

(SLME), 594
Supports. See also SCOT (support-coated

open tubular) column; Solid supports
Chromosorb, 76
diatomaceous earth, 77
diatomite, 73–79
Teflon, 79
USP designations of, 83

Surface acoustic wave (SAW) devices,
247, 248

Surface area, 18. See also Specific surface
area

gas chromatographic determination of,
612–617

Surface ionization (SI) techniques,
394–395

Surface stationary-phase compatibility,
123

Surface thermodynamics, 617–622
Surrogate standards (SSs), 872
Sweat, analysis of, 921
Switchover manifold system, automatic,

536
Sympathomimetic drugs, 743
Synthetic crude oil, 663–666
Syringe injection, 453–456
Syringe needles, stainless-steel, 483
Syringe readings, 454
Syringes, 467

motor-driven, 439
System errors, gas chromatographic,

457–458
System models, 219–220
System performance check compounds

(SPCCs), 867

Tailing, 18
Tandem capillary columns

pulse flow modulation with, 263–267s
tunable/programmable selectivity with,

259–263
Tapered restrictor, 591
Target compound chromatograms (TCCs),

942
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TCD cell geometry, 291, 293
Teeth, analysis of, 956
Teflon supports, 79
Teflon tapes, 521
Teflon tubing, 106, 517
Temperature. See also Analysis

temperature; Isothermal entries;
Thermal entries

absolute, 4
effect on carrier-gas viscosity, 137
influence on retention time, 423
solubility and, 808

Temperature control, in pyrolysis gas
chromatography, 39

Temperature problems, gas
chromatography/mass spectrometry,
347

Temperature-programmed elution,
223–226

Temperature-programmed separation,
high-speed, 266

Temperature programming, 18, 214–218.
See also Programmed-temperature
entries

bleed profile and, 176
high-speed, 231, 232, 250–255
versus isothermal operation, 182–183
viscosity effects during, 496–497

Temperature-programming profiles, types
of, 183–185

Temperature programming ramp profiles,
143

Temperature-programming rates, 251
Temperature setting, splitless inlet, 481
Tenax GC, 941
Tenax trap, 826
Tenax tubes, 856
tert-amyl methyl ether (TAME), 702
Tertiary butyl alcohol (TBA), 782, 827
Test Methods for Evaluating Solid Waste,

Physical/Chemical Methods, 775
Testing, standardized, 645
Test mixture components, 127
Tetraethyl lead (TEL), 853
Tetrahydrocannabinol (THC), 898, 919
Theoretical plate number, 18, 97–98
Theoretical plates, 45, 47
Theoretical plates per unit time, 98
Theoretical segments (TSs), 47

Thermal conductivity, 18, 289
parameters involved in, 290

Thermal conductivity detection, 245–246
Thermal conductivity detector (TCD), 18,

286, 289–298. See also TCD cell
geometry

design of, 293–297
electrical requirements for, 295
heat transfer effects with, 293
operation of, 289–293
performance of, 297–298
practical considerations concerning, 298

Thermal control, FID, 301–302
Thermal cracking, 708
Thermal decomposition, 458
Thermal degradation, 38
Thermal desorption, 577, 598–599, 941
Thermal energy analyzers (TEAs), 835,

947–948
Thermal modulators, phase-coated,

243–245
Thermal performance variables, 180
Thermal radiation, 292
Thermionic detector (TID), 315–320

development of, 316
operation of, 316–320
performance characteristics of, 320

Thermionic specific detector (TSD),
699–701, 948

Thermistor bead element, 18
Thermistors, 295
Thermochemistry, 367
Thermodynamic equilibrium constant, 551
Thermodynamics

solution, 622–625
surface, 617–622

Thermolysis, 634
Thermospray liquid-liquid extractor

(TSLLE), 810
Thick-film columns, 140–141
Thin-film columns, 233
Thin-layer chromatography (TLC), 953
Time-of-flight (TOF) analyzers, 351–352
Time-of-flight mass spectrometers

(TOFMSs), 247–250, 392, 876
Tissues, drug analysis in, 909–921
TOF mass filter, 352
Toluene, analysis of, 718–719
Tools, maintenance of, 468
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TO series methods, 854, 857, 858
Total-ion chromatogram (TIC), 142,

819–820, 830, 832–833, 908, 909
Total-ion current (TIC) chromatograms,

343, 348, 355–356, 375, 376
Total organic carbon (TOC), 778
Total petroleum hydrocarbon (TPH), 836
Total-volume syringe, 455
Toxicity equivalent concentration (TEC),

839–840
Toxicological drug screening, 911
Toxicology Laboratory Guidelines, 927
Toxic organic compounds, determination

of, 854–855
Toxic volatiles, 922
Trace evidence, gas chromatographic

analysis of, 928–957
Trace quantitative analysis, 474–475
Training, of personnel, 975
Trapped compounds, 242
Traps, types of, 420–421
Trennzahl (TZ), 18, 101, 127, 253
Triamcinolone acetonide (TAA),

determination of, 388
Triangulation, 426
Tricyclic antidepressants, 749–751

gas chromatographic analysis of,
750–751

Trifluoropropylmethylpolysiloxane, 157
Trihalomethane detection, 394
Trimethylsilyl (TMS) ethers, 347
Trimethylsilyl group, 345
“Trip blank,” 856
l,2,3-tris(2-cyanoethoxy) propane (TCEP),

415
Tritium, as a radiation source, 307
True adsorbent volume, 19
Tube Fitter’s Manual, 524
Tube furnace, 634
Tubing, 515–523. See also Copper tubing

cleaning, 517–518
column, 67–68
cutting, reaming, and bending, 518–520
pretreatment of, 121–126
securing, 524
types of, 515–517

Tubing cutter, 518
Tubing materials, 106–107

Tunable/programmable selectivity, with
tandem capillary columns, 259–263

Turbulent flow, 59
Two-column chromatographic operations,

415
Two-dimensional gas chromatography,

391–392
Two-gas chromatographic system

configurations, 537–538
Two-gas chromatographs, installing,

533–539
Two-stage regulators, 512–513

depressurizing, 514
Tyler screens, 77

Ultrasonic detector, 333–335
Ultrasonic extraction, of semivolatile

organic compounds, 803–804
Unconventional samples, analysis of,

920–921
United States Environmental Protection

Agency (USEPA). See
Environmental Protection Agency
(EPA)

United States Pharmacopoeia (USP), 83,
975

Universal detector, 286
Universal Oil Products (UOP) method,

674–675
Unknown peaks, identifying, 39–40
Unretained peak time, 221
Unsaturated aromatic hydrocarbons, 608
Unzipping, 595
Utilization of theoretical efficiency (UTE),

147–148, 199, 201
UV lamp, 322

Vacuum-coupled replaceable (VCR)
connections, 516

Vacuum distillation technique, 810–811
Vacuum-outlet gas chromatography, 237
Valves

gas management system, 520–521
high-speed GC, 239–242
pressure-relief, 520

van Deemter equation, 19, 53, 55
modifications of, 57–58, 102
versus Golay equation, 130–132

van Deemter plots, 55
carrier gas selection using, 494–496



INDEX 1045

van der Waals cohesive forces, 85–86
van’t Hoff plots, 232
Vapor, diffusion through a capillary,

440–441
Vapor concentrations, preparing, 436–438
Vaporizer injectors, 119
Vapor pressure, 625–627
Vapor pressure technique, 439
Velocity of mobile phase, 19
Vent-directing devices, 529
Vespel/graphite composite ferrules, 168
Vicinal silanol functionalities, 116
Vigorous pyrolysis, 38
Virial coefficients, 630–632
Viscosity, of supercritical fluids, 807–808
Viscosity effects, during temperature

programming, 496–497
Viscous forces, 59
VOC concentrations, reporting, 858
“Void” volume, 608
Volatile analytes, 567
Volatile compounds. See also Semivolatile

organic compounds (SVOCs);
Volatile organic compounds (VOCs)

alternative methods for determining,
828

analysis of, 921–928
Volatile organic compounds (VOCs), 121,

781–782, 853–854. See also
Semivolatile organic compounds
(SVOCs); VOC concentrations

in air, 855–864
analysis of, 818–821
determination of, 818–828
gas chromatographic analysis of,

756–757
headspace sampling of, 787–794
traps for, 792–794

Voltage, electron-capture detector,
308–310

Volumetric flowrate, 61
Vu-Union. See Capillary Vu-Union

Wall-coated capillary columns, 113
Wall-coated open tubular column

(WCOT), 19, 110
Wall effect, 610
Walters, Clifford C., 643
“Warning limits,” 985
Water, contaminated, 836–837
Water–air equilibrium, 415
Water-removing purifiers, 511
Water samples, 778, 779

purging, 318
“Weathering,” 934
Websites, gas chromatography, 71–72
Weight of stationary liquid phase, 19
Wet flashback arrestors, 521
Wheatstone bridge-type circuit, 293, 294
Wide-bore columns, 939
Wiley mass spectral library, 362
Window diagram plot, 209, 211, 212,

213
World Wide Web (WWW), gas

chromatographic resources on,
71–72

WWCOT (whisker-wall-coated open
tubular column), 19

WWPLOT (whisker-wall porous-layer
open tubular column), 19

WWSCOT (whisker-wall-support-coated
open tubular column), 19

Xylene, analysis of, 718–719
Xylene impurities, analysis of, 721

Zeolites, as adsorbents, 611
Zero-air generator, 502
Zero-resolution points, 258–259
Zone, 19
Zone migration, 49–50
Zone spreading, 50, 51

height equivalent and, 53
Zone thickness, 45


