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Abbreviations (list), xv
Aberration, chromatic, 130
Absolute error, 29
Absorbance
definition of, 160, 161
effect of stray radiation on, 165, 166
Absorbance ratioing technique, 603
Absorption
of alpha particles, 398
of beta particles, 398, 400
of gamma radiation, 399
of X rays, 116, 117
Absorption edge, of X rays, 344-346,
363, 365
Absorption filters, 122
Absorption flame spectrometry. See
Atomic absorption spectroscopy
Absorption spectra, and molecular
structure:
in infrared, 288292
in ultraviolet-visible, 184—186
Absorptivity
definition of, 161
effect of slit width upon, 163
Abundance, natural isotopic (table),
403,492
ac arc, as spectroscopic source, 263
Accelerating systems in mass
spectrometry, 469, 477
Accuracy
definition of, 30
and instrument calibration, 32
spectrophotometric, 164—166
Acetaldehyde, vibrations and
characteristic frequencies, 287
Acetylene flames, 231-234
Acid-base equilibria and
ultraviolet/visible absorbance,
164
Acid-base indicators, dissociation
constant (table), 872
Acids, conductometri¢ titration of, 755
dissociation constants (table), 872
thermometric titration of, 779
Acrylonitrile, NMR spectrum of, 447
ac spark, as spectroscopic source, 264
Activation analysis, neutron, 407-413
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Active filters (tuned amplifiers)
circuit, 47
noise reduction with, 19
Activity
of ions, 682
of radionuclides, 401, 408
ac voltammetry, 715-717
Addition evaluation method, 688
Adjusted retention time (or volume),
516
Adsorbents
for adsorption chromatography, 617
for gas-solid chromatography, 567
Adsorption chromatography, 514, 615,
617-622
Adsorption processes, 617622
Aerosols, production of, 227, 269
Affinity chromatography, 615,
650-652
Affinity ligands, 651
Agarose supports, 651
Air-acetylene flame, 231-234
Air-hydrogen flame, 231
Air-propane flame, 231
Alkali flame ionization detector, 555
Alkali metals, ionization of, in flames,
232
Alkaline earth metals, ionization of, in
flames, 232
Alkyl hydrocarbon bonded-phase
supports, 623
Alkyl quaternary amines as
counterions in ion-pair
chromatography, 629-631
Alkyl sulfonates as counterions in
ion-pair chromatography,
629-631
Alpha particles
counting, 398
properties of, 398
Alternating-current arc sources, 263
Alternating-current voltammetry,
715-717
Alumina
adsorbent, 617,619
solvent strength parameters on
(table), 619

American Society for Testing
Materials. See ASTM
Aminoalkyl bonded-phase supports,
624
Ammonia, formation constants for
metal complexes (table), 874
Ammonia gas-sensing electrode, 686
Amperometric detectors for liquid
column chromatography, 604
Amperometric titrations, 726-728
Amperostat, 47
Amplifiers
current, 46
lock-in, 19
operational, 42—45
sample-and-hold, 77
track-and-hold, 78
tuned, 19, 46
Analog-to-digital converters
counter converters, 73
dual slope, 75
successive approximation, 73
voltage-to-frequency, 75
Analysis time
optimization in liquid column
chromatography, 582
and resolution in chromatography,
529, 566
Analytical chemistry, common
techniques of (table), 860-865
Analytical curve, as calibration
technique, 32
Analytical methods
definition of, 1
factors affecting, 4, 11
summary of techniques (table),
860-865
Analytical problems
and chemometrics, 36
definition of, 3
table, 5
types of, 1
Analyzers, automatic elemental,
821-824
Analyzer systems in mass
spectrometers, 476—486
Analyzing crystals for X rays, 349-35!
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AND function, 51
Angular dispersion, 127, 136
Angular momentum, spin, 423
Anion exchangers, 633-635
Anisotropy, in NMR spectroscopy,
441
Annealing temperatures, from thermal
analysis, 771
Annihilation radiation, 399
Anodic stripping voltammetry,
719-721
Answers to problems, 829-859
Antimony(V), electrolytic reduction of,
738
Anti-Stokes Raman lines, 109, 110,
322,323
Apodizing functions in Fourier
transformations, 304
Apparent color temperature, 120
Applications, principle, of analytical
techniques (table), 860-865
Applications software, 83
Arcs as spectroscopic sources
alternating-current, 263
direct-current, 262
mercury, 294
xenon, 206
Area, surface, of column packings, 616
Area and quantity, correlation of,
530-534
Area normalization evaluation
method, 533
Argon-krypton laser, 113
Argon plasma, as spectroscopic
source, 266
Arithmetic-logic unit, 63
Ashing cycle in graphite furnace
analyzers, 237
Assembly language, computer, 82
Astigmatic image, 131
ASTM X-ray powder diffraction card,
378,379
Asymmetrical peaks in
chromatography, 520
Asymmetry factor of chromatographic
peak, 520
Atmosphere, effect in thermal analysis,
766
Atomic absorption smart
spectrophotometer, 88
Atomic absorption spectroscopy
applications of, 254
chemical vaporization, 239
comparison with atomic
spectroscopic methods (table),
876
comparison with FES and ICP,
255, 282
detection limits (table), 226
electrothermal, 234-239
excitation sources (table), 224
flames, combustion, 225-227
instrumentation, 227-243

interferences in, 250-254
quantitative methods, 245
summary of technique (table), 864
Atomic concentration in flames,
distribution patterns, 233
Atomic emission spectrometers,
273-277
Atomic emission spectroscopy, 224,
260284
applications, 281
comparison of methods (table), 261,
876
excitation sources (table), 224
instrumentation, 260281
interferences in, 250-254
summary of technique {table), 864
Atomic energy levels, 100-102
Atomic fluorescence spectrometer, 249
Atomic fluorescence spectrometry,
249, 282
comparison with atomic
spectroscopic methods (table),
876
Atomic term diagram, 101
Atomization
chemical vaporization, 239
electrothermal, 234
flame, 229-234
Atomizers, 229
Attenuated total reflectance (ATR).
See Internal reflectance
Auger emission spectroscopy
instrumentation for, 383-386
principles of, 340, 341, 381
quantitative analysis by, 385
scanning Auger microprobe, 385
sensitivity of, 381
Auger microprobe, 382, 384
Auger spectra, 382
AutoAnalyzer, 816
Automated devices, definition of, 786
Automated laboratory analyzers, 811
development of, 786
Automatic titrators, 694
Automation of instrumentation
industrial analyzers, 789
strategies in, 787
Axial diffusion in chromatography,
527

Backflushing, in gas-solid
chromatography, 567
Background
in atomic absorption spectrometry,
250-253
in electrothermal atomization, 239
in flame emission spectrometry, 243
in radiochemical measurements,
404, 411
Ball-and-disk integrator, 530
Band asymmetry, 520

Band broadening in chromatography,
525-529, 587
Bandpass, optical, 121, 123, 130, 135
Bandwidth. See also Dispersion;
Passband
in atomic absorption spectrometry,
246
in chromatography, 518, 525-529,
587, 588
effect of [requency and noise, 16
of filters, ultraviolet-visible,
122-124
of monochromators, ultraviolet-
visible, 130
Barn, definition of, 408
Baseline correction methods, 314, 315,
533
Baseline resolution, 522-525
Baseline width, 518, 522
Base peak in mass spectrometry, 494
Bases. See Acids
BASIC computer language, high-level,
32
interfacing, 80
Batch automated analysis, 787
industrial, 789
laboratory, 812
Bates-Guggenheim convention. See
pH. operational definition of
Beer’s law
chemical deviations from, 162, 163
definition of, 160, 161
instrumental deviations from, 162,
163
real deviations from, 162
Bending vibrations, infrared, 108
Berg-Barrett method for crystal
topography, 380
Beta particles
energy of (table), 403
energy-range relationship, 400
properties of, 398
Beta scintillation counter, 416
Beta value in gas chromatography,
517
Binary coded decimal counter, 55
Binary data, 87
Binary solvent mixtures, 620
Biocatalytic membrane electrode, 687
Blaze angle, 133, 134
Blaze wavelength, 134
Bleeding from gas chromatographic
columns, 541
Blood urea nitrogen analysis, 814
Bode plot, 44
Boltzmann distribution
in atomic spectroscopy, 242
in nuclear magnetic resonance, 425
Bond angle and proton coupling, 446
Bonded-phase chromatography,
622-626
Bonded stationary phases, 548,
622-624
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Boric acid, thermometric titration
curve, 779
Bouguer’s law, 160
Boxcar averaging, 22
table, 26
Boxcar integration, 20
Bragg equation, 349, 350
Bremsstrahlung radiation, 356
Bridge
conductance, 750- 752
salt, 673
Wheatstone, 750752
Broad band NMR spectrometer, 437
Bromine
coulometric generation of, 746
X-ray edge and emission lines, 344,
346, 364
Buffers, potential, 734
Bulk properties, continuous analysis
of, 791
Buses, computer, 66, 67
Butyl alcohols, mass spectral data
(table), 498

Cadmium
Auger MNN spectrum, 382
X-ray energy-level diagram, 117
Calcium oxalate monohydrate,
thermogravimetric curve, 769
Calcium selective-ion electrode, 685
Cablibrated sample loop and valve,
542
Calibration methods
addition, 688
analytical curve, 32, 240
comparison of, 35
decremental, 688
internal standard, 34, 263
isotopic dilution, 35, 413
standard addition, 33, 253
subtraction, 688
Californium-252 plasma desorption
time-of-flight mass spectrometer,
483
Calomel reference electrode, 672
Calorimetry, differential scanning,
762-1767, 770-774
Candela, 144, 145
Capacitive current, in voltammetry,
702-704, 717
Capacitive effects in conductance cells,
751
Capacity factor, 517, 523
Capillary columns in gas
chromatography, 546548, 560
Capture cross section of nuclei, 408
table of values, 403
Carbon dioxide gas-sensing electrode,
687
Carbon electrodes, spectroscopic, 262
Carbon-hydrogen-nitrogen analyzer,
821
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Carbon rod atomizer, 236
Carbon tetrachloride, Raman
spectrum of, 109, 110
Carbon-13 chemical shifts (table), 444
Carrier gases, in gas chromatography,
561
Carriers, in radiochemistry, 409
Cathode surfaces, of phototubes, 142
Cathodic stripping voltammetry, 721
Cation exchangers, 633—635
Cation-responsive glass electrodes,
683
Cell constant in conductance, 749
Cell electromotive force, 658, 671
Celils
cleaning of optical, 140, 168, 169
conductivity, 749
electrolytic, 733, 735
flow-through, 307, 308
for infrared spectrometry, 307-309
liquid lens effect, 602
mini-, for infrared, 309
tapered optical, 602
thickness measurement of, 307, 310,
311
for ultraviolet-visible spectrometry,
140
variable-path length, 308, 309
Centrifugal analyzers, 8§20
Cerenkov radiation, 416
Cerium(IV), coulometric generation,
of, 743
Channel electron multiplier, 487, 488
Channel electron multiplier array, 487,
488
Characterization of samples from
retention behavior, 534-537
Charge-coupled devices, 148
Charge-transfer electrodes, 660
Charging current in voltammetry,
702-704
Chelating resins, 633, 640"
Chelating site groups in ion-selective
electrodes, 685
CHEMPFRET, microsensor, 805
Chemical durability of glass
electrodes, 680
Chemical ionization source, 470-472,
475
Chemical reaction coupled with
nernstian electron transfer, 707
Chemical shifts
in Auger spectra, 382
of carbon-13, 444
of ESCA spectra, 387
of protons, 439-443, 453,454
Chemical vaporization for atomic
absorption spectrometry, 239
Chemometrics, 35
Chiral bonded-phase supports, 624
Chloride ion, formation constants of
metal complexes (table), 874
Chloroform, Raman spectrum, 110,
334

Christiansen effect detector, 606
Chromatic aberration, 130
Chromatographic behavior of solutes,
514-518
Chromatographic columns,
construction, 545-548, 597-599
Chromatographic methods
classification, 513
summary of techniques (table),
860-863
Chromatography
adsorption, 617-622
affinity, 650-652
bonded-phase, 622626
exclusion, 644-650
gas-liquid, 540-566
gas-solid, 566569
general principles, 513-537,
580-591
ion, 641-644
ion-exchange, 633-641
ion-exclusion, 649
ion-pair, 629-633
normal-phase liquid-liquid, 625
reverse-phase, 626-629
Chromatography—infrared
spectroscopy coupled, 572-574
Chromatography-mass spectrometry
coupled, 569-572
Chromophores
electronic absorption bands, 184
table, 185
in resonance Raman spectroscopy,
323,324, 335, 336
Chronoamperometry, 709, 718
Circle cell, 313
Citrate, formation constants of metal
complexes (table), 8§74
Clausius-Clapeyron equation, 562
Clinical analyzers
AutoAnalyzer, 816
centrifugal, 820
discrete, 813
dry reagent, 814
flow injection, 819
Closed-loop process control, 810
Coatings, thin film, 747
Coherent anti-Stokes Raman
spectroscopy, 324, 336
Coincidence correction, 406
Collimators for X-ray beams, 348
Colorimetry. See Photometry;
Spectrophotometry; Ultraviolet-
visible
Color measurements of solids, 184
Colthup chart of infrared absorption
bands, 290-291
Column bleed, 548
Column calibration, in exclusion
chromatography, 648
Column efficiency, in
chromatography, S18-525, 581
Column matrices ‘
for adsorption chromatography, 616



Column matrices (continued)
for affinity chromatography, 651
for bonded-phase chromatography,
622-624
for exclusion chromatography, 644
for gas-liquid chromatography,
545-548
for gas-solid chromatography, 567
for ion chromatography, 641
in ion-exchange chromatography,
633636
for ion-pair chromatography, 630
for liquid column chromatography,
622624, 627
for reverse-phase chromatography,
627
Column operation in liquid column
chromatography
to achieve preselected plate number,
583
to achieve preselected retention
time, 580, 582
Column oven, in gas chromatography,
548
Column packings. See Column
matrices
Column permeability. See Specific
column resistance
Columns
in gas chromatography, 545548
in liquid column chromatography,
597-600
Column switching
in gas-solid chromatography,
567-569
in process gas chromatography,
807
Column temperature in gas
chromatography, 562—565
Combination pH/reference electrode,
680, 681
Combination vibrations, infrared, 108
Comparative method of activation
analysis, 410
Compensating spectrofluorometer,
204,212,213
Compilers, computer, 84
Complexation
effect on electrode potentials, 658,
661, 668
effect on overpotential, 661
in ion-exchange chromatography,
638-640
Complex ions, determination of
composition by photometric
titrations, 181
formation constants for metal
(table), 874
Compressibility factor (), 516
Compton continuum, 410
Compton edge, 410
Compton effect, 399
Computer instrument configurations,
60-62

Computer organization
hardware, 63
software, 81
Computing integrator, 531, 533
Concentration distribution ratio, 637
Concentration error
minimum, with shot noise, 168
relative, in spectrophotometry, 167,
168, 174-176
Concentration gradient, 663, 665
Conductance
definition of, 748
electrolytic, instrurnentation for,
749-754
equivalent, 748
ionic, 748
measurement of, 749-754
specific, 748
temperature effect on, 749
Conductance cells, 749
Conductive solids nebulizer, 271
Conductivity, electrolytic, 748. See
also Conductance
Conductivity bridge, 750-752
Conductivity detector, electrolytic,
558
Conductivity meters, 750-754
Conductometric titrations, 755
Confidence limit
definition of, 31
table of values, 405
Constant-current coulometry,
741-747
Constant-pressure pumps, 595
Continuous automatic analysis, 787
based on bulk properties, 791
industrial, 789
Continuous-flow analyzers, 816
Continuous variation method, 181
Continuous-wave NMR spectrometer,
431-437
Continuum, X-ray, 342, 343
Control charts, 32
Controlled-potential coulometry,
737-741
Controlled-potential
electroseparations, 732735
Convection in voltammetry, 663
Convective mixing in
chromatography, 528
Cooley-Tukey transform algorithm,
304, 430
Copper(II)/copper oxidation-
reduction system, 660
Copper(11) current-potential curves,
659
Core-¢electron binding energies, 386
Correlation charts. See Molecular
structure
Cottrell equation, 666, 710
Coulograms, 738
Coulombs, evaluation of number, 739
Coulometric methods, 737-747
Coulometric titrations

primary, 741
secondary, 742-747
Coulometric titrator, 744
Counter converters, ADC, 73
Counter electrode
in spectroscopy, 262
in voltammetry, 702
Counterions, in ion-pair
chromatography, 630
Counters, digital, 53-55
Counting of background, 404
Counting statistics, 402—406
Coupled columns, 598
Coupling constants of protons,
443-447
CPU function in computers, 64
Crossed-coil NMR probe units, 433
Cross polarization in NMR, 439
Cross section, capture, of nuclei, 408
table of values, 403
Cryogenic superconducting solenoids,
432
Crystals, analyzing in X-ray
spectrometry, 349—-351
Crystal scintillators, 355-357
Crystal topography, 380, 381
CU function in computers, 64
Cumulative formation constants for
metal complexes (table), 874
Curie, definition, 401
Curie principle in pyrolysis, 543
Current
capacitative or charging, 702- 704
diflusion, 666-668
factors governing in
electrochemistry, 738-740
limiting, in voltammetry, 704
Current amplifier circuit, 46
Current density, effect on
overpotential, 662
Current-potential relationships,
659662, 705-708, 732, 743
Current-sampled (Tast) voltammetry,
707-709
Current-time relationship in
coulometry, 738-740
Current-voltage relationships. See
Current-potential relationships
Curved crystal focusing X-ray
spectrometer, 368, 369
Curve stripping, 217
Cutoff and cut-on filters, 122
Cuvettes, geometry of, 602. See also
Cells
infrared window material, 307-309
tapered, 602
thickness measurement, 307, 310,
311
for ultraviolet-visible spectrometry,
140
Cyanide ion, formation constants of
metal complexes (table), 874
Cyclic potential sweep voltammetry,
713-715
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Cyclic voltammetry, 713-715, 722

Cyclohexane, three-dimensional mass
spectrum of, 504

Cyclotron frequency, characteristic,
499

Cylindrical mirror analyzer, 384

Czerny-Turner mount, 245, 276

Damping, of pulsations from pumps,
595
Dark current, 145
Data
acquisition with hybrid systems, 78
compiler representation of, 86
LIMS, 92
de ar, as spectroscopic source, 262
dc voltammetry, 704-709, 721
Deactivation
of gas chromatographic supports,
546
of silica and alumina surfaces, 620
Dead-stop end point method, 728
Dead time, of nuclear and X-ray
detectors, 353-356, 402
Deaeration of solutions, 701
Debye-Hiickel expression, 676
Decay, radioactive, 398, 401
Decay schemes of radionuclides, 402
Decoder, digital, 56
interfacing of, 70
Decoupling of NMR signals, 435,
447-449
Decremental evaluation method, 688
Deflection-type refractometer, 605
Deformation vibrations, infrared, 107
Degenerate vibrational mode, 107
Densitometer, 279
Depletion region in semiconductor
detectors, 357
Depolarization ratio in Raman
spectroscopy, 333, 334
Derivative formation, 169, 544,
589-591
Derivative spectrophotometry, 177,
178
Derivative titration curves, 693
Derivatization methods, 544, 589-591
Deshielding zones, NMR
spectroscopy, 441
Detection limit
in atomic spectroscopies (tables),
226,876
of chromatographic detectors, 600,
603
definition of, 15
Detectors. See also Electrodes
electrochemical, 604
electron multiplier for ion beams,
486
infrared, 295-299
of nuclear radiation, 351-359, 402,
414-417
photographic, 327
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for ultraviolet-visible region,
141-148, 601-603
for X rays, 351-359
Deuterium discharge lamp, 119, 251
Diagnostic structural analysis. See
Molecular structure
Diamagnetic shielding. See Shielding
Diatomaceous earth supports, 546
Diatomic molecule, energy-level
diagram, 104
Dichroic filter, 125
Diethyldisulfide, Raman spectrum,
331
Difference spectrophotometry, 176,
177
Differential conductivity meters, 752
Differential detector mode in
chromatography, 560
Differential pulse voltammetry,
710-712, 722
Differential refractometers, 605, 608
Differential scanning calorimetry
instrumentation for, 763
introduction, 762
methods for, 770
pressure variations, 766
guantitative data from, 766
Differential spectroscopy, 173-176
Differential thermal analysis
analysis of curves, 771
instrumetation for, 765
introduction, 763
methods, 770
Diffraction, X-ray, 340, 341, 372381
Diffusion, mass transfer by, 663—668
Diffusion coefficient, 664
Diffusion current, 666 -668
factors affecting, 704707
measurement of, 707, 708
Diffusion layer, 665
Digital-to-analog conversion, 71-73
Dilution correction for linear titration
methods, 180, 756
Diodes, 40
Direct conductance measurements,
754
Direct-current arc sources, 262
Direct-current plasma sources, 268
Direct-current plasma spectroscopy
comparison with atomic absorption
spectrometry, 283
comparison with atomic
spectroscopic methods (table),
876
Direct-injection enthalpimetry
instrumentation for, 778
methodology, 779
Direct memory access, 86
Direct-reading pH and pION meters,
677-679
Discrete analysis. See Batch analysis
Discriminator, in X-ray and nuclear
methods, 359
Disk electrodes, 700

Dislodgement of mercury drops, 701

Dispersion of monochromators, 126,
127, 136

Dispersion signal in NMR, 434

Dispersivity, in molecular weight
determination, 648

Dissociation constants of acids

determination by photometric
methods, 180, 181
table of values, 872

Dissolved oxygen electrode, 802

Distribution coefficient in exclusion
chromatography, 646

Distribution ratio, concentration, 637

Doppler line broadening, 245, 248

Double-beam in time
spectrophotometer, 152-154

Double-beam spectrophotometer, 149,
151-154

Double-focusing mass spectrometers,
478

Double layer, 702

Double monochromation, 139, 140

Double resonance in NMR, 448, 449

Double wavelength
spectrophotometer, 154, 155

Drift, in operational amplifiers, 44

Drop detachment, 701

Dropping mercury electrode, 698, 699,
703

Drop-size distribution of aerosols, 229

Drying step with electrothermal
analyzers, 237

Dry reagent slides, 814

Dual-detectors, in gas
chromatography, 559

Dual electrode (electrochemical)
detector, 605

Dual-head pumps, 593

Dual-slope converters, 75

Duane-Hunt equation, 343

Duoplasmatron ion source, 507

Dynamic mechanical analysis for
polymer testing, 776

Dynodes, 144

E°, table of values, 867
E,,;, 706-708
table of values, 869-871
Eagle optical mount, 273
Ebert optical mount, 275
Echelle grating, 276
Eddy diffusion, 526
EDTA
formation constants of metal
complexes (table), 875
as releasing agent, 253
Effective plate number, 519
Efficiency and resolution in
chromatography, 518-525
Effusion separator, 571
Electrical conductivity, See
Conductance; Conductivity



Electrical discharge sources, 262
Electrical migration, 663
Electroactive groups in voltammetry,
723-725
tables, 724
Electroanalytical methods (table), 656
Electrochemical cells, 657-659, 671
Electrochemical detectors for liquid
column chromatography, 604,
608
Electrodeless conductivity meters, 752
Electrodeless discharge lamp, 248
Electrode position
basic principles, 732, 734
equipment for, 733
Electrode potentials, 657-659
effect of complex formation upon,
659
effect of concentration upon, 658,
661, 668
nonpolarizable, 661
polarizable, 660, 661
redox, 669
Electrode processes, completeness of,
732
Electrodes
for electrical discharge sources, 262
first kind, 668
glass membrane, 677, 679682
inert, 669
ion-selective, 682688, 803
oxygen, dissolved, 802
for pH measurements, 677, 679-682
polarizable, 660
reference, 671-674
second kind, 668
third kind, 669
two-indicating, 728
for voltammetry, 698700, 726
Electrode-solution interface, 661, 664
Electrography, 736
Electrogravimetry, 732-737
Electrolysis
with controlled potentials, 732735
with mercury cathode, 735
separations by, 732-737
Electrolysis cell, 733, 735
Electrolyte
analysis with dry reagent slides, 815
supporting, 663, 734
Electrolytic conductance cell, 749
Electrolytic conductivity, 748
instrumentation for, 749-752
Electrolytic conductivity detector,
558
Electrolytic methods, classification of,
656
Electrolytic separations, equipment
for, 733
Electrolytic stripping methods,
718-721, 723
Electromagnetic radiation
definition of, 97
energy changes involved, 100

frequency of, 98
interference of waves, 99
monochromatic, 99
plane polarized, 99
polychromatic, 99
radiant power of, 99
velocity of, 97, 98
wavelength of, 98
Electrometric methods
classification of, 656
introduction to, 656-669
steady-state, 657
transient, 657
Electromotive force series (table), 867
Electron avalanche in counters, 353
Electron-beam probe, 340, 362, 369
Electron binding energies, core, 386
Electron-capture detector, 556, 558
Electron energy analyzers for ESCA,
390, 391
Electronic absorption bands for
chromophores
correlation with molecular
structure, 184186
table, 185
Electron-impact ion source, 469, 475
Electron multiplier for ion beams, 486
Electron probe microanalysis, 340,
341, 362, 363, 369
Electron spectroscopy for chemical
analysis
applications of, 388, 391, 392
binding energies in, 386, 387
chemical shifts in, 386, 387
detectors for, 391
electron analyzers for, 391
instrumentation for, 388-392
molecular structure, correlation
with, 386388
quantitative analysis by, 392
resolution achieved, 388
scanning, 391, 392
sources for, 389, 390
Electron spin behavior, 115, 116
Electrostatjcally bonded ion-exchange
resin, 635
Electrostatic sector in mass
spectrometer, 479, 480
Electrothermal atomization, 234-237
comparison with atomic
spectroscopic methods (table),
876
comparison with flame emission,
255
comparison with ICP, 284
element sensitivities (table), 876
Electrothermal vaporizer for ICP, 270
Elemental analyzers, automatic, 821
Elements
atomic weights, inside back cover
detection limits by spectroscopic
methods (table), 877
ionization of, in flames, 232
periodic chart of, inside front cover

sensitivity, by atomic spectroscopic
methods (table), 876
Eluent, average linear velocity of, 515,
526, 528
Eluent strength of solvents, 618—621,
626
table, 619
Eluotropic series. See Solvent strength
parameter
emf of a half-cell, 658
table of values, 867
Emission spectroscopy. See Atomic
emission spectroscopy; Auger
emission spectroscopy; Flame
emission spectrometry;
Fluorescence; Phosphorescence;
X-ray fluorescence
Empirical formula from isotopic
contributions, 491-493
Endotherms in thermal analysis,
771-773
End point, location of, 692, 693
Energy, of radionuclide emissions, 400
table of values, 403
Energy dispersive X-ray fluorescence
analysis, 358, 359
Energy filter in mass spectrometer,
503
Energy-level diagram
for diatomic molecule, 103
electronic, 101
helium-neon laser, 112
spinning nucleus, 114, 424
X-ray, 117, 346
Energy-mass relationships, 477, 479
Energy-range relationship, 400
Energy transfer quenching in
fluorescence, 203
Enrichment devices for GC-MS
interface systems, 570, 571
Ensemble averaging, 23
table, 26
Enthalpic titrations, 777-780
Enthalpy, measurement of, in
differential scanning calorimetry,
764
Environmental noise, definition of,
17
Enzyme electrodes, 687
Equitransferent filling solution, 674
Equivalence point, location of, 692
Equivalent conductance, 748
Errors, types and expression of, 29
ESCA. See Electron spectroscopy for
chemical analysis
Ethylenediamine-N,N,N’,N’-
tetraacetic acid. See EDTA
Evaluation methods. See also
Calibration methods
ion-activity, 650-652
Evolved gas detection and analysis,
thermometric method, 768
Excitation potential, critical for X
rays, 343
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Exclusion chromatography, 514, 615,

644-650
summary of technique (table), 862

Eximer, 203

Exotherms in thermal analysis,
771-773

Expanded-scale spectroscopy,
173-176

Expansion and extension
measurement, 774-776

Experiments, sources of laboratory,
866

External generation of titrant, 746

External lock stabilization in NMR,
434

Fabry-Perot filter, 123, 124
Faradaic diffusion current, 666, 717
Faradaic processes, 660, 664, 702
Faraday, definition of, 738
Faraday cup collector, 486
Faraday's laws, 660
Far-infrared region, 292, 293
Fast atom bombardment, 473, 476
Fastie-Ebert mount, 138
Fast neutrons, 407
activation with, 411
Felgett's advantage, 304, 305, 428
Fiber optics, 140, 141
in optodes, 804
Fick’s laws, 664, 665
Field desorption source, 472,476
Field-frequency lock in NMR, 434
Field ionization source, 472
Field-sweep NMR method, 431, 432,
435
Filament lamps, incandescent, 119,
120
Filling solution, 673
Films, handling in infrared
spectrometry, 309
Filter fluorometers, 207
Filtering, electrical
active, 19, 47
Fourier transform, 28
for noise reduction, 18
software for, 21-23
table, 26
Filter photometers, 149, 150, 601, 603
Filters
absorption, 122, 123
cutoff or blocking, 122, 124
cut-on, 122, 124
dichroic, 125
Fabry-Perot, 123, 124
interference, 123125
multilayer, 124, 125
wedge, 124
for X rays, 348, 349
Fingerprint region in infrared, 289
First class electrodes, 668
First derivative titration curve, 693

884

Fish oil, thermomechanical analysis
of, 776
Fixed site ion-exchange membrane
electrodes, 682
Flame atomic absorption
spectrometry. See Atomic
absorption spectrometry
Flame emission spectrometers, 242
Flame emission spectrometry
applications, 254
comparison with atomic absorption
spectrometry, 255
comparison with atomic
spectroscopic methods {table),
876
principles of, 224234, 241-243
quantitation in, 241
Flame ionization detector, 553555,
558, 768
Flame photometric detector, 557, 558
Flames
combustion, 225
premixed, 231
structure of, 231
temperature of, 242
Flash vaporizer injection system, 542
Flicker noise, definition of, {7
Flip-flop circuits, digital, 52
Floating point notation, 87
Flow cells for photometric detectors,
602
Flow injection, 271. See also Sample
injection; Sample loops and
valves
Flow injection analysis, 183, 818
Flow programming, 588, 596
Flow proportional counter, 355
Flowrate, in chromatography, 515
Flow resistance parameter, 583
Fluorescence, 104, 105, 197-220
effect of pH on, 200
effect of solvents on, 199, 200
effect of structural factors on,
199-200
efficiency of, 201, 202
energy transfer, quenching in, 203
lifetime of, 197, 198, 214217
molecular structure correlation, 199
quantum yield, 201
in Raman spectroscopy, 329
self-absorption in, 203
self-quenching in, 203
Fluorescence detector in liquid
column chromatography, 604,
608
Fluorescence lifetimes, 197, 198
cross-correlation measurement of,
215,216
demodulation factor, 216, 217
measurement of, 214-217
in multicomponent determinations,
217
phase-resolved measurement of,
216, 217

time-correlated angle-photon
counting of, 215
time-resolved measurement of, 215
Fluorescence power related to
concentration, 201-203
Fluorescence spectra, correlation with
molecular structure, 199
Fluorescence spectroscopy, 198-217
applications of, 198
phase-resolved, 217
sensitivity of, 198
specificity of, 198
Fluorescent spectrometers
detector response, 201
double-beam, 211-213
double monochromation, 211
effect of slit width, 202
instrumentation, 202-214
light sources for, 206, 207
operational modes, 210
sample cell geometry, 204-206
uncorrected, 209
viewing modes, 205, 206
Fluoride electrode, 683, 689
Fluorometer, filter, 204, 207, 208
Flux per unit area, 664
f/number, 128
Focal length, 138
Formal electrode potential, 658
Formation constants of metal
complexes (table), 874
Fourier transformation, 25
as digital filter, 28
Fourier transform infrared
spectrometer, 302305
in process analysis, 798
resolution of, 305
Fourier transform mass spectrometer,
499502
Fourier transform NMR spectrometer,
427-430
Fragmentation patterns in mass
spectrometry, 494-497
Free atoms, 230, 243
Free energy and thermometric
titrations, 778
Free induction decay, 429, 430
Frequency, definition, 98
Frequency doublers, laser, 112
Frequency-sweep method in NMR,
431,432,435
Fresnel-type refractometer, 606
Fuel-oxidant ratio, 232, 253
Full-energy peak on gamma spectrum,
410, 411
Fundamental infrared vibrations, 108

Gain of photomultiplier tubes, 144
Gallium arsenide photomultiplier
tube, 328
Gamma radiation
attentuation of, 399



Gamma radiation (continued)
energy and intensity of (table), 403
properties of, 399
Gamma-ray spectrometry, 410
Gas atmosphere, effect on
thermograms, 770
Gas chromatograph
columns for, 545548
compared with process type, 807
detectors for, 552—560
liquid phases, 548—552
miniature, 805
process, 806
sample injection systems, 540—544
Gas chromatography
column selection, 548552
derivative formation, 544
gas-solid, 566-569
infrared spectrometer interface,
572-574
optimization of experimental
conditions, 560- 566
programmed temperature, 564
summary of technique (table), 860
Gas chromatography—mass
spectrometry, 569-572
summary of technique (table), 862
Gas density detector, 793
Gases. See also Gas chromatography;
Gas-solid chromatography
by infrared spectroscopy, 306, 307
by mass spectrometry, 467
Gas-liquid chromatography. See Gas
chromatography
Gas overpotentials (table), 662
Gas-sensing matrix electrodes, 686
Gas-solid chromatography, 514,
566569
Gates, logic, 50
Gaussian distribution, 518
Geiger counter, 351-353
Gelatin, in polarography, 707
Gel permeation chromatography. See
Exclusion chromatography
General Electric nondispersive X-ray
absorptiometer, 366, 367
Generating electrodes, for coulometry,
741, 744
Glass, analysis by thermal methods,
771
Glass electrode
cation-sensitive, 682
pH-responsive, 677, 679-682
Glass transition, in thermal analysis,
771
Glassy carbon microelectrode, 700
Globar, 294
Gloss of solids, 184
Glow discharge lamp, 272
G-M counter, 351-353
Golay cell, 295, 297, 298
Goniometer, 368
Gradient elution, mobile-phase
control in, 588

Graphite electrodes, in emission
spectroscopy, 262
Graphite furnace, 235
Graphite rod vaporizer for ICP, 271
Grating formula, 134
Gratings
angular dispersion of, 136
blaze angle of, 133, 134
blaze wavelength of, 134
in Czerny-Turner mount, 138, 139
diffraction, concave, 273
in Ebert mount, 137, 138
echelle type, 136
ghosts in, 135
holographic, 137
in Littrow mount, 135, 138, 139
plane, 275
resolution of, 136
stray radiation from, 135
Group frequency region, infrared, 289
Guard column, 599
Gyromagnetic ratio, 115

Half-cell in electrochemistry, 657
Half-height, as definition of
resolution, 485
Half-life of radionuclides, 401
table of values, 403
Half-reactions, potentials of, 657, 658
table of values, 867
Half-thickness of nuclear absorber,
400
Half-wave potentials, 706—708
table of values, 869-871
Halide ion electrodes, 668
Harmonic vibrations, infrared, 108
Headspace sampling, 543
Heated graphite furnaces. See
Electrothermal atomization
Heating rate in gas chromatography,
564 ‘
Height of a theoretical plate. See Plate
height
Height-velocity relationship
in gas chromatography, 525, 562
in liquid column chromatography,
528, 581
Heisenberg uncertainty principle, 98
Helium, doubly ionized. See Alpha
particles
Helium-neon laser, 111, 112
Herring oil, thermal analysis, 776
Hersch galvanic cell for analysis of
oxygen, 801
Hexadecimal number notation, 87
High-absorbance spectrophotometric
method, 173, 174
High-level computer languages, 82
High-performance liquid
chromatography methods,
580-610
process on-line, 808
Hollow cathode lamps, 247, 252, 272

Holographic gratings, 137

Hot-wire detector, 552

Hydrides, chemical vaporization of,
239

Hydrochloric acid, thermometric
titration curve, 779

Hydrodynamic methods, 717, 723

Hydrodynamic radius of a molecule,

Hydrodynamic transport, 663
Hydrogen bonding, 307
Hydrogen discharge lamp, 119
Hydrogen flame, 231, 553, 555, 557
Hydrogen overpotential (table), 662
Hydrophobic retention, 628
Hydroquinone, oxidation of, 706
Hydroxyl ion, coulometric generation
of, 745

Hyphenated techniques, 2

and chemometrics (table), 36

Ilkovi¢ equation, 704
Incandescent filament lamps, 119, 120
Incremental evaluation methods, 688
Index of refraction. See Refractive
index
Indicator electrodes, classification of,
668, 671
Indium, Auger MNN spectrum, 382
Indium-antimonide infrared detector,
298, 299
Induced activity, 408
Inductively coupled plasma—mass
spectrometry, 504
Inductively coupled plasma source..
265, 282
Inductively coupled plasma
spectroscopy, comparison with
atomic spectroscopic methods
(table), 876
Inert gas
in hollow cathode lamps, 247
shielding of flames, 234
Infrared detectors, 295-299
Infrared process analyzers
dispersive type, 795
nondispersive positive filter type,
795
Infrared radiation sources, 294
Infrared spectra, correlation with
molecular structure, 288292
Infrared spectrometers
detectors for, 295-299
dispersive, 293, 294, 299-301
filter type, 301, 302
Fourier transform, 302-305
nondispersive, 293, 301-305, 795
radiation sources for, 294
Infrared spectrometry
characteristics bands in, 290
comparison with Raman
spectroscopy, 335
compound identification by, 292
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Infrared spectrometry (continued)
instrumentation for, 293-305
principles of, 106—108, 287
quantitative analysis, 314-316
sample handling, 305-314
summary of method (table), 860
Infrared spectrometry—gas
chromatography coupled, 572—
574

Infrared transmitting materials (table),
306

Infrared vibrational modes, 106—108,
287-292
Injection of sample
in gas chromatography, 540544
in HPLC, 592, 596
Injector-splitter, 540
Inlet system of mass spectrometer, 467
Inorganic voltammetric applications,
724

Input offset current, operational
amplifier, 44

Input offset voltage, operational
amplifier, 44

Input/output computer
control of, 85
programmable peripheral interface,

80
UART and USART, 80

Input/output units, 66, 67, 83

Instability constants. See Formation

constants

Instrumental techniques
classification of, 1
summary of (table), 860—865
tabulation, 3

Instrument amplifier
circuit, 46
in data acquisition, 78

Instrumentation
basic functions of, 7
calibration of, 32

Integrated circuits, 42, 50, 56, 57

Integrated current. See Coulombs

Integration
of atomic emission signals, 240, 279
hardware for noise reduction, 18
of peak areas, 530-534

Interface
computer and instrument, 68, 85
gas chromatograph with infrared

spectrometer, 572-574
gas chromatograph with mass
spectrometer, 570
liquid column chromatograph with
mass spectrometer, 608-610
Interference filters, 123-125
Interference fringes, use in cell
thickness measurements, 310

Interference mirrors, 350

Interference wedge, 124

Internal conversion electron, 105, 399

Internal lock stabilization in NMR,

434
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Internal reflectance, sample handling
in, 311-313
Internal standard calibration method,
34,263
Interplanar crystal spacing (table), 350
Interpreter, computer, 84
Interrupts and I/Q devices, 85
Intersystem crossing in
photoluminescence, 104
Iodine, coulometric generation of, 746
Iodine-128, decay scheme of, 402
Ion-accelerating system in mass
spectrometer, 469
Ton activities, 682
Ion-activity evaluation methods,
688-691
Ion bombardment, 473
Ion chromatography, 641-644
Ton-collection systems in mass
spectrometry, 486488
Ton cyclotron resonance, 502
Ion-exchange chromatography, 514,
614, 615, 633-641
Ton-exchange equilibrium, 636
Ion-exchange liquid matrix electrodes,
685
Ion-exchange packings, 633-636
Ion exclusion chromatography, 649
Ton exclusion in exclusion
chromatography, 648
Tonic conductance, 748
Ion image current, 501
Ion inclusion, 648
Ionization, degree of in flames, 232
Ionization buffer, flame, 232
Tonijzation chamber detector, 351
Ionization constant, of acids (table),
872
Ionization detector, flame, 553-555
Ionization energy of an atom, 102
Tonization interference in flame
methods, 253 :
Ionization sources for mass
spectrometers, 468—476
Ton microprobe mass analyzer, 506
Ton-molecule chemical interactions,
470
Ion-pair chromatography, 615,
629-633
Ion-pair formation, 629-631
Ton-pair site groups in ion-selective
electrodes, 685
TIon-selective electrodes, 682-688
interferences with, 689-691
in on-line analyzers, 803
Ton suppression, in chromatography,
625, 629
Ton velocity, in magnetic field, 477
Ion withdrawal and focusing system,
469
Iron(IIT)/iron(II) system, 669
current-potential curves of, 743
Irradiation time in radiochemistry,
408

Irreversible oxidation-reduction
reactions, 667
Irreversible voltammetric reactions,
715,722
Isocratic elution, 587
Isopotential point, 677, 678
Isosbestic point, 163
Isothermal operation in gas
chromatography, 562-564
Isotope-dilution method, 35,413
Isotope masses (table), 492
Isotope-ratio mass spectrometer, 489
Isotopes
radioactive (table), 403
stable, use in mass spectrometry,
491-493
Isotopic abundance (table), 403
Isotopic contributions to mass
spectral data, 491493

Jacquinot’s advantage, 305
Jet-orifice separator, 570, 571
Johnson noise, 166

Junction potential, 657, 671

K absorption edge, 343-346

K electron capture, 399

K emission lines, 343346

Kinetic energy spread of ion beam,
477,479

Knox equation, 581

Kovats retention indices, 548550

Labeled reagents, isotopically, 418
Laboratory experiments, sources of,
866
Laboratory information management
system, 92
L absorption edges, 343-345
Lambert-Beer law, 160
Lambert’s law, 160
Laminar flow burner, 231
Lamps
electrodeless discharge, 248
_hollow cathode, 247, 252, 272
hydrogen discharge, 119
mercury vapor, 206, 294
xenon arc and flash, 206
Lang method for crystal topography,
380
Langmuir-Blodgett technique, 350
Languages, computer, 81
Large-amplitude pulse voltammetry,
709
Large-scale integration (table), 58
Larmor frequency of precession, 423,
425,428-430
Laser-assisted flame ionization
spectroscopy, comparison with
atomic spectroscopic methods
(table), 876



Laser desorption source, 474, 476
Laser excitation, of Raman samples,
330
Laser microprobe, 264
Lasers, 111-113, 324
Lattice spacing, of crystals, 350.
See also X-ray diffraction
Laws of photometry, 159-164
Lead
current-potential curves of, 727
X-ray edges and emission lines, 364
Leakage rate of salt bridge solutions,
673,674
L emission lines, 344-346
Lenses, 130
Levich equation, 717
Lifetimes, photoluminescence, 197,
198,214-217
Ligand exchange chromatography,
640
Light. See Electromagnetic radiation
Light emitting diode, 57
Light scattering photometer, 187-189
Limitations, of analytical techniques
(table), 860865
Limiting current, in voltammetry, 662,
663, 704, 717
Limiting electrode potentials, 734
Limiting equivalent conductance,
748
Linear dynamic ranges of gas
chromatographic detectors, 558
Linear photodiode arrays, 147
Linear potential sweep (dc)
voltammetry, 704-709
Linear reciprocal dispersion, 126, 127,
136
Linear sweep voltammetry. See Cyclic
voltammetry
Linear titration methods
amperometric, 726—728
conductometric, 755
photometric, 179-181
Liquid column chromatograph—mass
spectrometer interface, 608—610
summary of technique (table), 862
Liquid column chromatography
detectors for, 600-610
instrumentation for, 592-608
mode selection guide, 614, 615
optimization of column
performance, 580587
sample introduction, 596
solvent delivery systems, 593—595
summary of technique (table), 862
Liquid exclusion chromatography.
See Exclusion chromatography
Liquid ion-exchanger matrix
electrodes, 685
Liquid junction, 673
Liquid junction potential, 657, 671,
673
Liquid-liquid chromatography, 615
Liquid matrix electrodes, 685

Liquid phases in gas chromatography,
548-552
table, 549
in liquid column chromatography,
618-621, 624-627, 631-633,
636-641, 643, 645, 651
Liquids and solutions
in infrared spectroscopy, 307-309
injection into gas chromatograph,
540542
in mass spectrometry, 467
solvent effect on spectra in infrared,
307
Liquid scintillation systems, 414—417
Liquid-solid adsorption
chromatography, 514, 615. See
also Adsorption chromatography
Literature, analytical, 9-11,
computer searching of, 9, 11
Lithium atomic term diagram, 101
Lithium drifted detectors, 357, 358
Local area network for analytical
laboratory, 91
Logic gates, digital, S0
table, 51
Longitudinal diffusion, 527, 528
Longitudinal relaxation, 426
Loop, calibrated sample, 542
Lorentz line broadening, 245
Low-absorbance differential
spectrophotometry, 174
Low-angle laser light scattering
detector, 645
Lumen, 144, 145
Luminescence. See also Fluorescence;
Phosphorescence
comparison with ultraviolet-visible
absorption, 219
definition of, 197
Luminescence spectroscopy, total, 213,
214
L'vov platform, 236

Machine language, 82

Macroporous polymers, 617, 635

Macroreticular polymers, 617, 635

Magic angle spinning, 439

Magnesium atomic term diagram, 101

Magnesium phosphonate
monohydrate, thermal analysis of,
771

Magnetically equivalent NMR nuclei,
453

Magnetic-deflection analyzer system,
477-480, 485

Magnetic electron multiplier, 487

Magnetic moment, 423

Magnetic quantum number, 423

Magnetic susceptibility for
determination of oxygen, 800

Magnetogyric ratio, 423, 428

Manganese-56

decay scheme, 402
gamma spectrum of, 410

Mannosan triacetate, NMR spectrum,
449
Mark-Houwink equation, 648
Masking agent. See Complexation;
Complex ions
Mass absorption coefficient, 363, 400
Mass analyzer systems, 476-486
Mass difference, molecular formula
calculation from, 492
Mass-energy relationship, 477, 479
Mass spectra, molecular structure
correlation from, 490497
Mass spectrometer
components, 466
data handling, 489
as detector in evolved gas analysis,
768
inlet sample systems, 467
ion-collection systems, 486488
ionization methods, 468476
isotope-ratio, 489
mass analyzer systems, 476-486
quadrupole, 503
resolving power, 484
tandem, 502
vacuum system for, 488
Mass spectrometer—gas
chromatograph coupled, 569—572
summary of technique (table), 862
Mass spectrometer—liquid column
chromatograph coupled, 608-610
summary of technique (table), 862
Mass spectrometry
Fourier transform, 499-502
inductively coupled plasma, 504
ion microprobe (IMMA), 506
mass spectra correlation with
molecular structure, 490-497
quantitative analysis by, 497-499
sample handling in, 466468
secondary ion (SIMS), 505
summary of technique (table), 860
use of stable isotopes in, 487
Mass transfer processes
in electrochemistry, 662—668
in gas chromatography, 526—528
Matrices, column. See Column
matrices
Matrix type ion-selective electrodes,
685
Mattauch-Herzog geometry, 479
Maxima in polarography, 707
Maximum precision
spectrophotometric method, 175
Maximum suppressor, 707
McReynolds classification system,
550-552
constants (table), 549
Medium scale integration (table), 58
Melaven mercury cathode cell, 735
Membrane electrodes, biocatalytic,
687
Membrane separator, 570
Memory of computer, 65
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Mercury, hydrogen overpotential on,
662, 735
Mercury arc, as infrared source, 294
Mercury cathode, 735
Mercury drop detachment, 701
Mercury electrode, dropping, 698, 699
Mercury/mercury(I) chloride reference
electrode, 672
Mercury vapor lamp, 206
Metal-anionic complexes, ion
exchange of, 639-641
Metal complexes
formation constants (table), 874
in spectrophotometry, 169
Metals, ionization in flames, 232
Metal sulfide membrane electrodes,
685
Metastable peaks, 493, 496
Method of additions for evaluation,
688
Methylene group, infrared vibrational
modes, 107, 108
Michelson interferometer, 302
Microcomputers, 67, 68, 88
Microelectrodes, 698—700, 717, 726
Microprobe mass analyzer, ion, 506
Microprocessor, application
in clinical analyzers, 818
in infrared instrumentation, 796
in laboratory robots, 826
in process gas chromatography, 808
in thermal analysis, 762
Microprocessor chips, 65, 67
Microscope attachments for infrared
spectrometers, 313
Microsensors, 804
Mid-infrared region, 289-292, 293
Mie scattering, 186
Migration, electrical, 662, 703
Miniature infrared analyzers
(MIRAN), 797
Mirrors, 130
Mobile phase
average linear velocity of, 515, 525,
528
selection in HPLC, 618-621,
624628
Mobile-phase delivery system,
593-596
Mobile-phase velocity —plate height
relation, 525-529, 560-562, 581
Modifiers for mobile phases in HPLC,
620, 651
Modulation, signal, 240
Modulation/demodulation for noise
reduction, 19
Moisture, continuous determination
in papers, 791
Molar absorptivity, 161, 314
Molecular electronic energy levels,
102-106
Molecular flow of gases, 468
Molecular formula, from isotopic
contributions, 491-493
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Molecular identification and analysis
(table), 860865
Molecular leak, 468
Molecular phenomenon, of analytical
techniques, 860—865
Molecular sieves, 567
Molecular structure/spectra
correlation
by ESCA, 386388
by infrared spectra, 288—-292
by mass spectra, 490-497
by NMR spectra, 439-458
by Raman spectroscopy, 329-333
by ultraviolet/visible spectra,
184-186
by X-ray diffraction, 378-381
Molecular vibrational energy levels,
104
Molecular weight
by exclusion chromatography, 648
from mass spectrum, 469, 491
Mole-ratio method for composition of
complexes, 181
Monochromators, optical. See also
Gratings
dispersion of, 126
double, 139
focal length and plane, 129
mirrors and lenses in, 130
performance of, 126
radiation-gathering power, 126, 128
resolution of, 126-128
slits, 128-130
Monodisperse-aerosol-generation
interface, 609
Moving belt LC-MS interface, 610
Mulls in infrared spectroscopy, 309,
310
Multichannel electron multiplier
arrays, 487
Multicomponent mixtures. See also
Gas chromatography; Gas-solid
chromatography; High-
performance liquid
chromatography
in activation analysis, 409-413
in mass spectrometry, 497-499
in ultraviolet-visible
spectrophotometry, 172, 173
Muitielement analysis in atomic
emission spectroscopy, 280
Multielement lamps, 248
Multilayer interference filter, 124
Multiplexcrs/demultiplexers, 69
in data acquisition, 78
Multiport rotary valve, 542

NAND function, digital circuit, 51

Narrow-bore columns, 598

Natural abundance of radionuclides
(table), 403

Near-infrared reflectance analysis, 798

Near-infrared region, 288, 289, 293

Nebulization, 227, 269
Nebulizers, 228, 269-271
Negative chemical ionization, 470
Neon-helium laser, 111, 112
Nephelometry
applications, 189
instrumentation for, 187-189
principles, 186
standards for, 187
Nerheim gas density balance, 794
Nernst equation, 658, 675
Nernst glower, 294
Nernstian electron transfer coupled
with chemical reaction, 707
Neutron activation analysis, 407-413
summary of technique (table), 864
Neutron cross sections, thermal,
capture, 408
table, 403
Neutron sources
fast, 407
thermal, 407
Nichrome coil as infrared source, 294
Nikolsky equation, 689
Nitrate selective electrode, 685
Nitrile bonded-phase supports, 623
Nitrous oxide flame, 234
Nitrogen (1s) electron binding
energies, 387
NMR spectra, correlation with
molecular structure, 439-458
Noise
environmental, 17
flicker, 17
fundamental, 16
reduction of, 18-21
shot, 17
thermal, 16
white, 18
Noncombustion plasma sources, 265
Nonfaradaic processes, 660, 702
Nonpolarizable electrode, 661
Nonretained solute, transit time of,
517
NOR function digital circuit, 51
Normal hydrogen electrode. See
Standard hydrogen electrode
Normal phase liquid chromatography,
625
Normal pulsc voltammetry, 709, 710
NOT function digital circuit, 51
Nuclear electric quadrupole moment,
114
Nuclear magnetic properties of nuclei,
114
Nuclear magnetic resonance
Boltzmann distribution, 425
carbon-13 chemical shifts, 444
coupling constants, 439, 443-447
cross polarization, 439
decoupling in, 435,447-449
double resonance, 448, 449
elucidation of spectra, 447—-454
energy levels, 423-425



Nuclear magnetic resonance Nuclear spin electrode for dissolved, 802

(continued) energy levels of, 114 Hersch gaivanic cell for, 801
first-order spectra, 454 precession of nuclear axes, 113 by magnetic susceptibility, 800
free induction decay, 429, 430 Nuclear spin-lattice relaxation, 115 process analyzers for, 800
frequency-sweep method, 431, 432, Number-average molecular weight, by zirconia analyzer, 801

435 648
J coupling in, 443-447 Nyquist frequency
Larmor frequency, 423, 425, in analog-to-digital conversions, 73 Packed columns in gas
428-430 in multiplexing, 70 chromatography, 546, 561
magic angle spinning, 439 for sampling, 21, 26 Packings, column. See Column
magnetic moment, 423 matrices
magnetogyric ratio, 423, 428 Pair production, 399
medicine, use in, 458 QObstructive factor, 527 Parent-daughter metastable peak
multiplets, 446, 447 Octal data, 87 relation, 493
nuclear Overhauser effect, 449, 450 Octanes, mass spectra of, 494 Particle diameter of supports in
principles of, 422431 On-line process control chromatography, 527, 581, 586
proton chemical shifts, 440-443 continuous, 809 Particle-induced X-ray emission, 340,
quantitative analysis by, 454—458 design of systems, 809 369-372
reference materials for, 434, 440 Open tubular columns, 546 Partition coefficient, 516
relaxation processes in, 426, 427 Operational amplifier, 42-45, 677, Partition forces, nature of, 618, 620
shielding, effect of, 440, 441 678, 752 Partition liquids for gas
shift reagents, 450-453 Operational definition of pH, chromatography, 548-552
solvent influence, 450-453 675-677 tabulation, 549
solvents for, 433 Optical null procedure in Partition ratio, 517
spin decoupling in, 448, 449 spectrophotometry, 153, 154 Paschen-Runge mount, 273
spin lattice relaxation, 426-428, Optical resonance, lasers, 111 Pauli exclusion principle, 103
430, 439 Optical speed, 273 Peak area integration, 530-534
spin-spin coupling, 443447 Optimization Peak asymmetry factor, 520
spin-spin relaxation, 427, 428, 439 of gas chromatographic Peak capacity, 517
spin system notation, 454 separations, 560— 566 Peak current
spin tickling, 450, 451 of liquid column chromatographic in alternating-current voltammetry,
summary of technique (table), 860 methods, 580587 717
two-dimensional Fourier transform, Optoacoustic spectroscopy, 181183, in cyclic voltammetry, 715
453 313 in differential pulse voltammetry,
Nuclear magnetic resonance signals, Optodes, 804 711
absorption and dispersion, 434 Order, optical, 276 Peak variance, 525
Nuclear magnetic resonance OR function, digital circuit, 51 Pellets, handling in infrared
spectrometers Organic compounds, as derivatives spectroscopy, 310
continuous-wave spectrometer, in chromatography, 544, 589 Pellicular type of packing, 581, 616,
431-437 in spectrophotometry, 169 634, 635
cryogenic superconducting Organic liquid scintillators, 414 Penetrating power (range) of
solenoids, 432 Organic voltammetry, 723 radiation, 398-401
external lock stabilization, 434 tables, 724 Penetration depths of electrons and
field-sweep method, 431, 432, 435 Output transducers, 8 ions, 505
Fourier transform, 437--439 table, 9 Perchlorate selective electrode, 685
instrument stabilization, 433, 434 Oven for gas chromatography, 548 Periodicals, analytical, 10
internal lock stabilization, 434 Overpotential, 661, 662 Periodic table, inside front cover
magnets, 432 hydrogen (table), 662 Permeability enrichment in GC-MS,
minimal type, 435-437 Overtone vibrations, infrared, 108 570
multipurpose type, 437 Overvoltage. See Overpotential Permeation range (selective) in
probe units, 433 Oxidation current, 658 exclusion chromatography, 646,
pulsed, 427-430 Oxidation-reduction buffers, 734 647
sample tubes, 433 Oxidation-reduction half-reactions, pH, operational definition of, 675-677
signal integration, 454-458 potentials of (table), 867 Phase difference, faradaic and
sweeping modes, 435 Oxide film, thickness determination of, capacitative currents, 717
wide-line, 430, 431, 437 747 Phase ratio (volumetric) in

Nuclear magneton, 425, 426 Oxygen chromatography, 517

Nuclear Overhauser effect, 449 anodic overpotential, 662 Phase-resolved fluorescence

Nuclear properties of radionuclides current-potential curves, 743 spectroscopy, 216,217

(table), 403 elemental analyzer for, 822 Phase-sensitive detectors for noise

Nuclear radiation process analyzers for, 800 reduction, 20
absorption of, 399 removal of dissolved, 701 1,10-phenanthroline, formation
interaction with matter, 399 Oxygen determination constants of metal complexes
particles emitted, 398 dissolved, 725, 802 (table), 875
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Phenyl bonded-phase supports,
624
pH glass electrodes, 677, 679682
pH measurements, 674682
pH measurement systems, 677-679
Phosphorescence
correlation with molecular
structure, 199, 200
instrumentation for, 217-219
principles of, 104, 105
room temperature, 219
structural factors involved in, 197
time-resolution in, 218
Phosphorescence lifetimes, 198, 200
Phosphorus-32, decay scheme of, 401
Photoacoustic spectroscopy, 181-183,
313
Photocathodes
quantum efficiency of, 142
solar blind, 142
spectral sensitivity of, 142, 143
Photoconductive detectors, 298
Photodiode arrays, 147, 279
Photodiode detector, 146148, 279
Photoelectron effect, 399
Photoelectron escape depths, 386
Photoemissive tubes, 141-144
Photographic detection
in atomic emission spectroscopy,
277,278
in mass spectrometry, 487
in X-ray diffraction, 376
Photographic emulsions, 357
Photoionization, 399
Photoionization detector, 557, 558
Photoluminescence, 197
Photoluminescence power, relation to
concentration, 201203
Photometers, filter, 149
Photometric analyzer for continuous-
flow analysis, 791
Photometric detectors for HPLC,
601-604, 607
Photometric linearity, 164
Photometric precision, 166169
and relative concentration error,
167, 174-176
Photometric titrations, 179—181
Photometry. See also
Spectrophotometry; Ultraviolet-
visible spectrophotometers
laws of, 160
units used in, 160
Photomultiplier tube, 144-146, 279,
328
Photon counting, 145, 146, 326
Photon detectors, 298
Photons, 98
Photopeak in gamma-ray spectrum,
410, 411
pH /reference electrode combinations,
681
pH scale, definition, 674, 675
pH standard reference buffers, 676
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Physical and chemical changes in
thermal analysis, 769-776
pl (pION) measurement systems,
677-679
pK, values (table), 872
Planck’s constant, 98
Plasma desorption source, 474, 476
Plasma sources, 266, 268
Plate height, 520, 525, 528
Plate height and mobile phase
velocity, 525-529, 560562, 581
Plate number, 519, 523-525
column operation to achieve
preselected, 583
Pneumatic nebulizers, 228, 269-271
Pockels cell, 217
Polarizability, molecular, 108, 321, 329
Polarizable electrode, 660, 661
Polarization measurements, by
Raman spectroscopy, 332-334
Polarography, 657, 704, 707, 721.
See also dc voltammetry
Polling to control input-output
devices, 85
Polyamide matrix resins, 636
Polyatomic molecule, infrared
vibrational modes, 287
Polyethylene
analysis by differential scanning
calorimetry, 773
X-ray diffraction fiber diagram, 380
Polymer gels, cross-linked, 644
Polymerized multilayer bonded
coatings, 623
Polymers
analysis by thermal methods, 771
X-ray diflraction patterns, 380
Polyvinyl chloride matrix electrodes,
686
POPOP, secondary scintillator, 414
Population inversion in lasers, 111
Pore-size diameter and separation
range, 645
Porosity of column packings, 515
Porous barrier separator, 570, 571
Porous glasses and silicas, 644
Porous layer beads, 616
Porous particles as stationary phase,
616
Porous polymer packings, 617
Positional isomers, separation of, 621
Positive chemical ionization method,
470
Positron, 399
Postcolumn derivatization, 591
Postirradiation radiochemical
procedures, 409
Potable water, analysis of, 788
Potassium, atomic term diagram, 101
Potassium selective matrix electrode,
686
Potential buffer, 734
Potential-current curves. See Current-
potential curves

Potentials, half-wave, 706708
table of values, 869-871
Potentials, oxidation-reduction (table),
869-871
Potential step methods, 709-713, 721
Potentiometric analyzers, on-line, 803
Potentiometric titrations, 691-694
Potentiometric titrators, automatic,
694
Potentiostat, 47, 701
Powder data file, X-ray diffraction,
378
PPO, primary scintillator, 414
Precession of nuclear spin axes, 113
Precision
definition of, 30
and significant figures, 30
spectrophotometric, 164, 166—169
Precolumn derivatization, 544,
589-591
Preresonance Raman spectroscopy,
323
Preset count (or time), 405
Pressure differential scanning
calorimetry, 766
Pressure drop in chromatography,
583, 586
Pressure-gradient correction factor,
516
Pressure requirements in HPLC, 583,
584, 586
Primary coulometric titrations, 741
Prints, electrographic, 736
Prisms, as dispersive devices, 131-133
Probe units in NMR, 433
Problems, answers to, 829-859
Procedure, analytical, 1
Process analyzers, control
contrasted with laboratory
analyzers, 790
development of, 786
industrial, 789
Process chromatographic systems, 808
Programmable peripheral interface,

Programmed-temperature gas
chromatography, 564

Prompt gamma-ray analysis, 412

Proportional counters, 353—355

Protocol, analytical, 1

Proton chemical shifts, 440-443, 453,
454

Proton-proton coupling constants,
443-447

Protons, coupling with other nuclei,
445

Proton transfer reactions, pK, values
(table), 872

Pulsations, damping methods in
solvent delivery systems, 595

Pulse dampers, 595

Pulsed nuclear magnetic resonance,
427-430

Pulse height analyzer, 358361



Pulse polarography. See Potential step
methods

Pulse sequences in Fourier transform
NMR, 430

Pumps for HPLC, 593-595

Purge and trap method, 543

Pyroelectric detector, 295, 297

Pyrolysis methods in gas
chromatography, 543

Pyrolysis reactions, study of by
evolved gas analysis, 768

Quadrupole Fourier transform~mass
spectrometry, 503
Quadrupole mass analyzer, 480—482,
485, 503
Quadrupole moment, electrical, 114
Qualitative analysis, advantages of
analytical techniques (table),
860-865
Quality assurance, role in analysis, 6
Quantitative analysis
advantages of analytical techniques
(table), 860—865
in atomic absorption spectrometry,
245
in Auger emission spectroscopy, 385
calibration methods, 3235, 240,
253,263, 413
in chromatography, 530—534
in flame emission spectrometry, 241
in infrared spectroscopy, 314316
by mass spectrometry, 497-499
by nuclear magnetic resonance,
454-458
by Raman spectroscopy, 335
in ultraviolet-visible
spectrophotometry, 169—173
by X-ray diffraction, 379
Quantity and area, correlation of, 530
Quantum efficiency
nuclear and X-ray detectors, 354
phototubes, 142, 328
Quaternary amines (alkyl) as
counterions, 630
Quinone, reduction of, 706

Radial compression column, 597
Radiant power, 99
Radiation, losses at boundaries, 130,
602
Radiation sources. See also Arc;
Electromagnetic radiation;
Lasers; Plasmas
modulation and pulsing of, 121
spectral distribution of, 120
Radioactive decay, 401
Radioactivity
counters for measurement of,
402-407
statistics in measurements, 402-405
units of, 401
Radiography, 365

Radionuclides
applications of, 417
decay schemes of, 402
half-lives of, 401
properties of (table), 403
Radioreagents, 418
Radius of curvature of ion beam, 477
Radius of gyration, 500
Raman effect, 108111, 208, 321-336
Raman spectrophotometers
detectors, 327
illumination of samples, 328
laser, 325-327
sample handling, 328, 329
Raman spectroscopy -
advaritages of, 332
applications of, 332, 335
coherent anti-Stokes, 324, 336
comparison with infrared
spectroscopy, 335
disadvantages of, 336
polarization measurements,
332-334
quantitive analysis by, 335
resonance, 323, 335
solvents, obscuration ranges of, 329
structural information from,
329-332
summary of technique (table), 860
surface enhanced, 325
symmetry considerations in, 323,
329-335
Random access memory, 65, 90
Range-energy relationship of beta
particles, 400
Rayleigh scattering, 108, 186, 208, 322,
329
Read-only memory, 62, 65, 90
Reagent gases for chemical ionization
source, 470
Receptors. See Detectors
Reciprocal lattice concept, 373-375
Reciprocating pumps, 593
Redox buffers, 734
Redox electrode, 669
Red-sensitive photomultiplier tubes,
328
Reduced column length, 586
Reduced mass for two atoms, 106
Reduced plate height, 581
Reduced velocity, 581
Reducible organic functional groups
(table), 724
Reduction current, 658
Reference clectrodes, 671674
Reference half-cell, 658
Reference materials
for NMR, 434, 440
Reflectance spectra. See also Internal
reflectance
in near-infrared region, 289
Reflection, specular, of solids, 183, 184
Reflection loss at boundaries, 130, 602
Reflection-type refractometer, 606

Refractive index, 98
effect on Beer’s law, 602
use in continuous analysis, 792
Refractive index of solvents (table),
619
Refractometer
in continuous analysis methods, 792
critical angle, 792
differential, 605, 608
reflection, 606
Refractory compounds, in flame
spectrometry, 234, 253
Registers, digital, 53, 54
Relative concentration error in
spectrophotometry
as function of absorbance and
transmittance, 175
high-absorbance method, 174
maximum precision method, 176
trace-analysis method, 175
Relative error
constants of (table), 405
definition of, 29
Relative response factor, 534
Relative retention, 518, 523-525, 563,
637
Relaxation processes in NMR, 426,
427
Releasing agents, 253
Residual current in voltammetry, 707,
708
Resistance, electrical, of glass
electrodes, 677, 680
Resolution. See also under specific
detectors
and analysis time in
chromatography, 529, 566
in chromatography, 521525, 588
in ESCA, 388
of gratings, 136
in mass spectrometry, 484
of monochromators, 126—128
in phosphorescence, 218
in solvent programming, 588
Resonance line, 244
Resonance Raman spectroscopy, 323,
335
Response time. See also under specific
detectors
of chromatographic detectors, 600
Results of analysis, 6,9
confidence limit, 31
evaluation of|, 28
Retention behavior in
chromatography, 514-516,
645-648
Retention indices (R1), Kovats,
548-552
Retention time
characterization, sample, 534-537
defined, 515
in gradient elution, 588
preselection in liquid column
chromatography, 580, 582
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Retention time (continued)
and resolution, 521-525
temperature effect on, 562565, 585

Retention volume, defined, 515

Reversed optics spectrophotometer,
155

Reverse isotope dilution, 413

Reverse phase ion-pair partition.
See Ion-pair chromatography

Reverse phase liquid column
chromatography, 626—629

Reversible oxidation-reduction
systems, 659, 667

Review periodicals in analytical
chemistry, 10

Ring-disk electrode, 700

Robots, laboratory, 824

Rocking vibration, infrared, 108

Rohrschneider classification system,
550

Rotary valve, multiport, 542, 592, 595

Rotating disk voltammetry, 717

Rotating microelectrode, 700

Rotating ring voltammetry, 718

Rowland circle optical system, 273

RS-232 serial bus, 67, 80, 91

Salt bridge, 673

filling solutions for, 673, 674
Sample, pretreatment of, 6, 227
Sample-and-hold amplifiers, 77, 78
Sample handling. See also Sample

injection; Solids, handling of

in infrared spectroscopy, 305-314

on-stream analyzers, 790

photoacoustic methods, 313

in Raman spectroscopy, 328

in ultraviolet-visible region, 168
Sample injection

in atomic spectroscopy, 227

in electrothermal atomization, 238

in gas chromatography, 540

in liquid column chromatography,

592, 595

in mass spectrometry, 467

in plasma sources, 269
Sample loops and valves, 542, 592, 595
Sample size, in analytical techniques

(table), 860865
Sampling devices
in atomic emission spectroscopy,
261

factors to consider, §

Nyquist frequency, 21, 27
Saturated calomel electrode, 673
Saturation factor in activation

analysis, 408
Sauter mean diameter of droplets, 229
Scale expansion techniques in
spectrophotometry, 173-176
Scanning Auger microprobe, 385
Scanning calorimetry, differential,
761-767, 769-774
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Scanning electron microscope, 369
Scan rate and spectrophotometric
accuracy, 165
Scattering coefficient, Raman, 335
Schmitt trigger, 49
as pulse counter, 56
Scintillation counter, 355-357
Scintillation liquid counting, 414-416
Scissoring vibration, infrared, 107
SCOT columns, 546
Secondary coulometric titrations,
742-747
Secondary ion mass spectrometry,
382, 505-507
Secondary scintillators, 414
Second-class electrode, 668
Second-derivative spectrophotometry,
178
Second-derivative titration curve, 693
Sector mass spectrometers, 477-480
Selection rules
atomic energy transitions, 102
vibrational transitions, 107
Selective ion electrodes. See Ion-
selective electrodes
Selectivity, in chromatography, 523
Selectivity coefficient, in ion-exchange
chromatography, 636
Selectivity ratio of ion-selective
electrodes, 689691
Self-absorption in fluorescence, 203
Self-quenching in fluorescence, 203
Self-reversal, 248
Semiconductor detectors, 357-359
Sensitivity, definition of, 14
Sensors for industrial processes, 790
Separation factor, 637
Separation range and pore-size
diameter, 647
Separators for GC-MS interfaces, 570
Sequential multielement analysis, 280
Series-bypass detector method,
567-569
Set points in closed loop process
control, 811
Sheen of solids, 184
Shielded flames, 234
Shift reagents, 450-453
Shot noise, 17
in photoemissive tubes, 143, 168
Sieves, molecular, 567
Signal generators, 7
Signal-to-noise ratio
definition of, 13
in Fourier transform NMR, 428
hardware enhancement of, 18
of photomultiplier tubes, 146
software enhancement of, 21
Signal transformation, 8, 13
table, 8
Significant figures, 30
Silanization of supports, 546
Silica
as adsorbent, 617-619

solvent strength parameters on
(table), 619
Siloxane type of bonded-phase
support, 622
Silver, Auger MNN spectra, 382
Silver diammine complex, 659
Silver halide membrane electrodes,
685
Silver ion, coulometric generation of,
741
Silver-silver chloride electrodes, 673
Silver sulfide membrane electrodes,
684
Silylating agents, 545, 546
Simultaneous multielement analysis,
170-173, 280
Single-coil NMR probe units, 433
Single-focusing mass spectrometer,
476
Sixty-degree sector mass spectrometer,
478
Size parameter in turbidimetry and
nephelometry, 186
Slew rate of operational amplifiers,
44
Sliding plate valve, 542, 596
Slit distribution function, 129
Slits, in monochromators, 128—130
Slope-ratio method, 181
Slot burner, 228
Small-scale integration (table), 58
Smart instruments, 36, 88
Smoothing data, 23
table, 26
Soap film analyzing crystals, 350
Sodium, atomic term diagram, 101
Sodium ion-selective glass electrode,
683
Sodium-24 decay scheme, 402
Software
chemometrics, 36
for signal-to-noise enhancement,
21
Solid matrix electrodes, 686
Solid microelectrodes, 700, 726
Solids, handling of
in infrared spectroscopy, 309
in mass spectrometry, 467, 476
in Raman spectroscopy, 330
in ultraviolet-visible
spectrophotometry, 183
Solid-state sensors, 683-685
Solubility of precipitates by
radiochemical means, 418
Solute diffusion coefficient
in mobile phase, 527, 561
in stationary phase, 527, 561
Solute-solvent interaction, 617, 618.
See also Gas-liquid
chromatography; Liquid column
chromatography
Solvent delivery systems for HPLC,
592-597
Solvent programming, 588, 596



Solvents
for adsorption chromatography,
618-621
for exclusion chromatography, 645
infrared transmittance, 308
Raman obscuration ranges, 329
refractive index of (table), 619
ultraviolet-visible transmittance,
170, 171
viscosity of {table), 619
Solvent strength parameter, 618—620
table of values, 619
Solvent viscosity effect in liquid
chromatography, 586
Spark source, 264
Specific activity of radionuclides, 401
Specific column resistance, 583
Specific conductance, 748
Specific ion electrodes. See Ion-
selective electrodes
Specific ionization, 400
Spectral bandwidth, effect on
absorption band shapes, 128
Spectral intensity, 119
Spectral line interferences, 252
Spectra-structure correlation
by ESCA, 387
by infrared spectroscopy, 288-292
by mass spectrometry, 490—-497
by nuclear magnetic resonance,
439-447
by Raman spectroscopy, 329-333
by ultraviolet-visible
spectrophotometry, 184—186
by X-ray diffraction, 378-381
Spectroelectrochemistry, 725
Spectrofluorometers. See Fluorescence
spectrometers
Spectrophotometers, ultraviolet-
visible. See Ultraviolet-visible
spectrophotometers
Spectrophotometric accuracy,
164-166
Spectrophotometric precision, 164,
166-169
Spectrophotometry
derivative method, 177
difference method, 176
expanded-scale methods, 173-176
high-absorbance method, 173
maximum-precision method, 175
multicomponent mixtures, handling
in, 172
quantitative methodology, 169173
second-derivative methods, 178
simultaneous determinations in,
170-173
solvents for, 170
trace-analysis method, 175
wavelength selection in, 170
Spectroscopic splitting factor for
electron, 115
Spectrum stripping, 411
Sphere of reflection, 374

Spin, of nuclei, 113, 114
Spin decoupling, 448, 449
Spin-lattice relaxation, 426—428, 430,
439
Spin-spin coupling, 443-447
Spin-spin relaxation, 427, 439
Spin system notation, 454
Spin tickling, 450, 451
Spread sheets, 83
Square-wave voltammetry, 712, 722
Stagnant pools, effect in HPLC, 526,
528
Standard absorber method for cell
width measurement, 310
Standard addition evaluation method,
33,253
Standard deviation, 31
Standard hydrogen electrode, 657
Standards for exclusion
chromatography, 648
Static mercury drop electrode, 699
Stationary liquid phases for gas
chromatography, 548552
tabulation of properties, 549
Stationary phases
for adsorption chromatography, 617
for exclusion chromatography, 644
for gas-solid chromatography, 567
for liquid-liquid chromatography,
622-624
Statistical methods
in chemical analysis, 6
in error analysis, 31
in radiochemistry, 402—-405
Steady-state electroanalytical
methods, 657
Stepwise elution in HPLC, 589
Stimulated emission (lasers), 111
Stokes Raman lines, 109, 322
Stopped-flow injection method, 597
Stray radiation, effect on
spectrophotometric accuracy, 165
Stripper column in process gas
chromatography, 807
Stripping voltammetry, 718-721, 723,
747
Structure correlation by spectra. See
Spectra-structure correlation
Subtraction evaluation method, 688
Successive approximation analog
digital converter, 73
Sulfide jon-selective electrode, 684
Sulfur, X-ray spectra and oxidation
state, 346
Sulfur dioxide gas-sensing electrode,
687
Support-coated open tubular column,
546
Supporting electrolytes, in
voltammetry, 663, 734
for inorganic substances (table),
869-871
Supports in gas chromatography,
546

Suppression of ionization in flames,
254

Suppression of maxima in
polarography, 707

Suppressor column, in ion
chromatography, 642

Surface analysis

with electron beam probe, 506
sources for, 473, 506

Surface areas of adsorbent particles,
616

Surface enhanced Raman
spectroscopy, 325

Surface hydroxyl groups on silica and
alumina, 618, 623

Surface ionization source for mass
spectrometry, 474, 476

Sweeping modes in NMR, 435

Symbols (list), xix

Symmetry in Raman spectroscopy,
323,329-335

Syringe injection, 540, 597

Syringe-type pump, 594

Tagging
with radionuclides, 35, 417
with stable isotopes, 35, 489
Tailing. See Asymmetry factor
Tandem mass spectrometers, 502
Tast polarography, 707-70%
Temperature compensator, on pH
meters, 687
Temperature effect on
conductance, 749
faradaic current, 667
HPLC, 600
pH measurements, 678, 680
reference-electrode potentials, 673
retention time in gas
chromatography, 562565
stationary phase in gas
chromatography, 548, 549
Temperature programming in
chromatography, 564
Tesla coil, 266
Theoretical plate number, 520
Thermal analysis methods
differential scanning calorimetry,
762-767, 770-774
differential thermal analysis,
762-767, 770-774
dynamic mechanical analysis, 776
enthalpimetry, direct-injection,
777-780
evolved gas detection and analysis,
768
summary of technique (table), 761
thermogravimetry, 767, 769
thermomechanical analysis,
774-776
thermometric titrimetry, 777—780
Thermal conductivity detector, 552,
558, 807, 821
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Thermal ionization source, 474, 476
Thermal lens spectroscopy, 183
Thermal neutrons
capture cross section (table), 403
sources of, 407
Thermal noise, 16
Thermionic emission detector, 555,
558
Thermistors, 295-297, 553
Thermocouple, 295
Thermodynamic partition coefficient,
516
Thermogravimetry, 767, 769
Thermogravimetry—flame ionization
detector, 768
Thermogravimetry—mass
spectrometry, 768
Thermomechanical analysis, 774—776
Thermometric titrimetry, 777—780
Thermopile, 295
Thermospray method, 609
Thickness of films, by electrolytic
stripping, 747
Thin-film mercury electrode, 700
Third class electrodes, 669
Three-electrode potentiostat, 701
Tickling of spins, 450, 451
Time-correlated angle-photon .
counting of fluorescence lifetimes,
215
Time-current relationship in
coulometry, 738 -740
Time-of-flight mass spectrometer, 482,
485
Time resolution
of fluorescence lifetimes, 215
in phosphorescence, 218
Titrations
amperometric, 726728
conductometric, 755
coulometric, 741-747
photometric, 179-181
potentiometric, 691-694
thermometric, 777780
Titrator, automatic, 694
Tomography, 366
Topography, crystal, 380, 381
Toroidal transformer, 753
Tortuosity factor in chromatography,
527
Total luminescence spectroscopy, 213
Trace-analysis spectrophotometric
method, 174
Trace element determination by
atomic spectroscopic methods
(table), 876
Track-and-hold amplifiers, 78
Transducers, input, 8
table, 8
Transistors, 41
Transit time
of non-retained solute
(chromatography), 516, 517, 529,
581, 586, 588
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in time-of-flight mass spectrometer,
482
Transmittance, 161
Trapping volatile samples, 543
Trimethylpentanes, mass spectra of,
494
Triple-headed reciprocal pump, 593
Triple quadrupole mass spectrometry,
503
Triplet electronic state, 104
Tristate devices, 57
in data acquisition, 79
Tunable dye laser, 112, 324
Tungsten-halogen lamp, 119
Tungsten loop, 239
Turbidimetry
applications of, 189
instrumentation for, 187—189
size parameter in, 186
standards for, 187
Twisting vibration, infrared, 108
Two-indicating electrodes, use of, 728
Tyndall scattering, 329, 336

Ultraviolet-visible absorption
methods, 159-189
derivative, 177
difference, 176
differential or expanded-scale,
173-176
flow injection, 183
photoacoustic spectroscopy, 181
photometric titrations, 179-181
thermal lens spectroscopy, 183
turbidimetry and nephelometry,
186-189
Ultraviolet-visible detectors for liquid
column chromatography,
601-604, 607
Ultraviolet-visible spectra, correlation
with molecular structure,
184-186
Ultraviolet-visible spectrophotometers
cells for, 140
detectors for, 141-148
diode-array, 155, 156
double-beam, 149, 151-154
double-beam in time, 152154
double wavelength, 154, 155
optical null procedure, 153
radiation sources, 118-121
readout modules, 148
reference beam output control, 151
reversed optics, 155
sampling devices, 140
single-beam, 149-151
wavelength selection, 121-140
Ultraviolet-visible spectrophotometry
accuracy, photometric, 164—166
Beer’s law, deviations from,
162-164
error, relative concentration, 167

fundamental laws of photometry,
159-164
instrumentation, 118—156
precision, photometric, 166—169
quantitative methodology, 169-173
summary of technique (table), 860
wavelength selection, 121-140
Unity-gain frequency-bandwidth
operational amplifier, 44
Universal asynchronous
receiver/transmitter, 80
Universal synchronous
receiver/transmitter, 80

Vacuum system
in atomic emission spectroscopy,
281
in mass spectrometers, 488
Valinomycin membranes for
potassium electrodes, 686
Valley definition of resolution, 485
Valve
cutofl, 467
multiport rotary, 542
Van Deemter equation, 525, 562
Vaporization interference in atomic
spectroscopy, 253
Velocity of eluent, 515, 525, 528
Velocity-plate height relationship,
525-529, 560-562, 581
Very-large scale integration (table), 58
Vibrational energy levels, molecular,
104, 106—108
Vibrational modes, 107-108, 287
Virtual excited state (Raman), 109
Viscosity
effect in liquid column
chromatography, 586
of solvents (table), 619
Viscous flow of gases, 468
Void volume, 517
Voltage comparator circuits, 48, 49
Voltage follower circuits, 46
Voltage/wavelength relationship for X
rays, 343-345
Voltammetric applications, 723-728
Voltammetric methods, 657, 697-728
compared with each other, 721-728
half-wave potentials of inorganic
ions (table), 869-871
Voltammograms, 660
evaluation of, 707, 708
Volt-to-frequency converter, 74, 279
Volume correction in linear titration
methods, 756
Volumetric phase ratio, 517

Wadsworth optical mount, 274
Wagging vibration, infrared, 108
Wall-coated open tubular column, 546
Waste water analysis, 788



Wavelength
blaze, 134
defined, 98
effect on spectrophotometric
accuracy, 165
of electronic absorption bands
(table), 185
of infrared absorption bands (table),
290
of X-ray lines and edges (table}, 345
Wavelength calibration standards for
spectrophotometry, 165
Wavelength selection in
spectrophotometry, 170
Wavelength shifter, 414
Wavenumber, 98
WCOT column, 546
Wedge interference filter, 124
Weight-average molecular weight,
648
Well-type scintillation counter, 356,
357
Wheatstone bridge, 750-752, 777, 794
Wide-bore capillary column, 547
Wide-line NMR spectrometer, 430,
431,437
Window material, for infrared region
(table), 306
Working curve, 32
Working electrode, 658, 701
Work station, robotic laboratory, 825

Xenon arc lamp, 206

Xenon flash lamp, 206

X-ray absorptiometer, nondispersive,
366

X-ray absorption edges, 344346, 363,

365

X-ray absorption methods, 340, 341,

363-367
X-ray diffraction methods
applications of, 379-381
choice of X radiation, 377
crystal topography, 380
diffraction patterns, 375
powder data file, 378
powder method, 375
quantitative analysis by, 379
reciprocal lattice concept, 373-375
rotating crystal method, 375
specimen preparation, 377
summary of technique (table), 862
X-ray diffractometer, automatic, 376
X-ray direct emission analyses, 340
X-ray emission lines, 345, 364
shift due to valence state, 346
X-ray energy levels, 116
X-ray energy spectrometry, 359
X-ray fluorescence method, 370-372
summary of technique (table), 864
X-ray fluorescence spectrometers
energy dispersive, 370
wavelength dispersive, 367-370

X-ray fluoroscopic examination, 365
X-ray instrumentation
analyzing crystals, 349-351
automatic diffractometers, 376
auxiliary equipment, 359
collimators, 348
detectors, 351-359
quantum efficiency of, 354
dispersion, 349, 350
filters, 348
pulse-height analyzer, 358-361
X-ray methods, direct, 360—363
X-ray powder data file, 378
X rays
absorption of, 116, 117
Moseley relationship between
atomic number and wavelength,
341
production of, 342-348
from radioactive isotopes, 347, 369
X-ray spectra, 342—347
X-ray tubes, 342-348
continuum from, 342, 343
short-wavelength limit, 342-344

Zeeman effect, use in background
correction, 251
Zirconia oxygen analyzer, 802
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