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Index

a
AAS. See atomic absorption spectrometry

(AAS)
absorbance limit check 986
absorption spectroscopy
– EXAFS 1486
– NEXAFS (see near-edge X-ray absorption

fine structure (NEXAFS) spectroscopy)
– optical waveguides 1623–1625
ACCORD. See accordion-optimized long-range

heteronuclear shift correlation (ACCORD)
methods

accordion-optimized direct correlation single
quantum coherence (ADSQC) 253, 255

accordion-optimized long-range heteronuclear
shift correlation (ACCORD) methods

– applications 267–268
– CIGAR-HMBC 263, 264
– constant time variable delay 262–263
– disadvantage 260
– GHMBC 258, 260
– IMPEACH-MBC 262
– pulse sequence 260, 261
– strychnine, aliphatic region 261, 262
ACD. See Advanced Chemistry Development

(ACD)
ACIMS. See alkali metal ion attachment

chemical ionization mass spectrometry
(ACIMS)

acoustic spectroscopy 1430–1431
active pharmaceutical ingredient (API)

production
– batch-type process 1364
– biotechnological manufacturing 1364
– diffuse reflection probes 1403
– endpoint detection 1368
– Grignard reaction 1368
– HCl salt formation 1368, 1369

– mid-IR monitoring 1368, 1369
– NIR monitoring 1368
– pharmaceutical manufacturing 1388
– purity and assay control 1368
ADDLs. See amyloid-beta-derived diffusible

ligands (ADDLs)
adsorption chromatography 12
ADSQC. See accordion-optimized direct

correlation single quantum coherence
(ADSQC)

adult respiratory distress syndrome (ARDS)
1573

Advanced Chemistry Development (ACD)
1791

AEAPS. See Auger electron appearance
potential spectroscopy (AEAPS)

AES. See Auger electron spectroscopy (AES)
affinity constant 1316–1317
AFM. See atomic force microscopy (AFM)
AFPs. See autofluorescent proteins (AFPs)
AFS. See atomic force spectroscopy (AFS)
agate mortars 5
alkali metal ion attachment chemical

ionization mass spectrometry (ACIMS)
1287

Alzheimer’s disease 1565, 1579
AMDIS. See Automated Mass Spectral

Deconvolution and Identification System
(AMDIS)

amyloid-beta-derived diffusible ligands
(ADDLs) 1565

Analytical Information Markup Language
(AnIML) 1828

angle-resolved Auger electron spectroscopy
(ARAES) 713

angle-resolved inverse photoemission
spectroscopy (ARIPES) 727
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angle-resolved ultraviolet photoelectron
spectroscopy (ARUPS) 727

– analytical information 780
– applications 781
– graphene band structure 1530, 1531
– hydrocarbon molecules, energy band

structure 1529, 1530
– instrumentation 779–780
– performance criteria 780
– PTCDA, molecular orbital 1549

1550–1551,
– sample 780
– 2D adsorbate band structures 1527, 1528,

1529
– UPS 781
angle-resolved X-ray photoelectron

spectroscopy (ARXPS) 713
angular distribution curves (ADCs) 1549,

1550
AnIML. See Analytical Information Markup

Language (AnIML)
antigen excess check 986–987
APCI. See atmospheric pressure chemical

ionization (APCI)
APDs. See avalanche photodiodes (APDs)
APECS. See Auger photoelectron coincidence

spectroscopy (APECS)
APFIM. See atom probe field ion microscopy

(APFIM)
API production. See active pharmaceutical

ingredient (API) production
appearance potential spectroscopy (APS)
– AEAPS 709
– analytical information 710
– applications 711
– DAPS 709
– EXAFS 710
– instrumentation 710
– performance criteria 711
– samples 710
– SXAPS 709
– total/target current spectroscopy (TCS) 711
APS. See appearance potential spectroscopy

(APS)
APT. See attached proton test (APT)
AQI. See assignment quality index (AQI)
aqua regia 6
ARAES. See angle-resolved Auger electron

spectroscopy (ARAES)
ARDS. See adult respiratory distress syndrome

(ARDS)
areas under curves (AUC) 420–421
ARIPES. See angle-resolved inverse

photoemission spectroscopy (ARIPES)

aromatic solvent-induced shift (ASIS) 1750
arrayed waveguide grating (AWG) 1634
artworks
– MIR spectroscopy 110
– Raman spectroscopy 132–133
ARUPS. See angle-resolved ultraviolet

photoelectron spectroscopy (ARUPS)
ARXPS. See angle-resolved X-ray

photoelectron spectroscopy (ARXPS)
ashing method 8–9,
ASIS. See aromatic solvent-induced shift

(ASIS)
assignment quality index (AQI) 1791
asthma 1573
atmospheric pressure chemical ionization

(APCI) 1264–1265, 1646, 1775
atmospheric pressure photoionization (APPI)

methods
– characteristics 1267
– dopants 1266
– ESI and APCI 1265
– gas phase IE and PA 1266, 1267
– orthogonal-source-type 1265–1266
atomic absorption spectrometry (AAS) 977
– Boltzmann equation 514
– burner design
– – burning velocity 529–530
– – flames 530
– – fuel and oxidant gas 528, 529
– – typical flame gas mixtures 529
– chemical interferences
– – dissociation equilibria 549–550
– – formation 549
– – ionization, flames 550–551
– cold vapor generation technique 537–538
– data treatment
– – external calibration 551–552
– – quantitative analysis 551
– – standard addition technique 552
– dissociation 518–519
– D-line 520–521
– Einstein transition probability 512–513
– electromagnetic radiation 513
– electrothermal atomization
– – condensation and memory effects

532–533
– – disadvantages 531–532
– – features 531
– – graphite furnace 530
– – graphite tube 532
– – measurements 530–531
– flame atomization 527, 528
– gas chromatography
– – data acquisition system 553
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– – electrophilic and nucleophilic reactions
553

– – instrumental setup 554
– – organotin/organolead compounds 555
– – quartz T-tube furnace 553 554
– – speciation analysis 552–553
– hydride generation technique
– – arsenic, antimony and selenium 534
– – batch and continuous system 535, 536
– – disadvantages 535
– – flow injection system 535, 536
– – quartz tube 535–536
– – reduction 534
– – sodium tetrahydroborate reagent 535
– – thermal decomposition 536
– – volatile hydrides 535
– ionization 516–518
– Lambert–Beer law 514–515
– line broadening 515–516
– liquid chromatography 555–556
– LTE 513
– nebulizer 527–528
– optical system and components
– – double-beam spectrophotometer

539–540,
– – single-beam spectrophotometer 539
– Planck’s law 513
– plasma, energy levels 512
– principles
– – energy level 508, 510, 512
– – interpretation 507
– – orbital quantum number 508–509
– – selection rules 509
– – spectroscopic notation 510
– – spin angular momentum 509
– – wavenumbers 508
– radiation sources
– – continuum sources 525, 526
– – diode laser sources 525–527
– – EDL 524
– – elemental lines 521
– – HCL (see hollow-cathode lamp (HCL))
– radiation sources and atom reservoirs

519–520
– self-absorption 516
– solid samples 538
– spectral interference (see spectral

interferences)
– thermodynamic equilibrium 513
– vapor generation technique 533–534
atomic emission spectrometry (AES)
– absolute and relative sensitivity 576–577
– atomization devices
– – analytical conditions 558

– – arc and spark plasmas 563–564
– – DCP 561–562
– – flame atomizer 559
– – ICP (see inductively coupled plasma (ICP))
– – laser ablation 564–565
– – microwave plasmas 562–563
– – reduced-pressure discharges 565
– Boltzmann equation 514
– dissociation 518–519
– D-line 520–521
– Einstein transition probability 512–513
– electromagnetic radiation 513
– hyphenated techniques
– – capillary electrophoresis 578
– – flow-injection analysis 578
– – gas chromatography 577
– – liquid chromatography 577–578
– ionization 516–518
– Lambert–Beer law 514–515
– line broadening 515–516
– LTE 513
– matrix effects and interferences
– – chemical interferences 573–574
– – spectral interferences 572–573
– optical setup and detection
– – alkali metal elements 565–566
– – design goals 566
– – multichannel instruments 566–568
– – sequential instruments 566
– Planck’s law 513
– plasma, energy levels 512
– principles
– – energy level 508, 510, 512
– – interpretation 507
– – orbital quantum number 508–509
– – selection rules 509
– – spectroscopic notation 510
– – spin angular momentum 509
– – wavenumbers 508
– quantitative and qualitative analysis
– – diagnostics 575–576
– – high RF power 576
– – ICP analysis 575
– – internal standardization 574
– – liquid analysis 575
– – multivariate calibration techniques 575
– solid sample analysis
– – arc and spark ablation 570
– – direct insertion 569
– – electrothermal vaporization 569–570
– – laser ablation 570–569, 572
– – slurry nebulization 569
atomic force microscopy (AFM) 919, 1589
atomic force spectroscopy (AFS) 735
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atomic spectral detection
– atomization 1667–1668
– direct-current plasma 1669
– inductively coupled plasma
– – argon 1668
– – LC detection 1668–1669, 1671, 1672
– – LC-ICP MS application 1672, 1673,

1675
– microwave-induced plasma (see

microwave-induced plasma (MIP))
atom probe field ion microscopy (APFIM)
– analytical information 742
– applications 742
– instrumentation 742
– performance criteria 742
– working principle 741–742
atom-transfer radical approach (ATRP) 1245
ATR. See attenuated total reflection (ATR)
attached proton test (APT) 229
attenuated total reflection (ATR) 1058,

1119–1120, 1400, 1404
– advantage 77 78
– analytical information 782
– applications 782
– evanescent field 76, 77
– hydrating shell 77
– instrumentation 781
– penetration depth 76, 77
– performance criteria 782
– single-reflection/multireflection crystals

77
Auger deexcitation 756
Auger effect 1491
Auger electron appearance potential

spectroscopy (AEAPS) 709
Auger electron spectroscopy (AES) 810
– analytical information 712, 713
– applications 713
– ARAES 713
– ARXPS 713
– energy spectrum 711
– IAES 713
– instrumentation 711–712
– performance criteria 712–713
– sample 712
– SPAES 713–714
Auger electron yield (AEY) 1492
Auger neutralization (AN) 756
Auger photoelectron coincidence spectroscopy

(APECS) 768
– analytical information 783
– applications 784
– instrumentation 783
– PAES 784

– performance criteria 784
– sample 783
autofluorescent proteins (AFPs) 825, 850,

852
automated clinical chemistry analyzers
– instrument checks
– – absorbance limit check 986
– – antigen excess check 986–987
– – linearity check 987–988
– – substrate deletion check 988–989
– liquid-level detection system 984–986
– sample measurements
– – external standard calibration 990–991
– – photometric measurements 989–990
– serum index measurement
– – hemolysis 984
– – hyperbilirubinemia (icterus) 984
– – lipemia 984
Automated Mass Spectral Deconvolution and

Identification System (AMDIS)
1798–1799,

avalanche photodiodes (APDs) 827
avidity 1317
AWG. See arrayed waveguide grating (AWG)

b
backward electron transfer (BET) 877, 889
balanced ratiometric detection (BRD) 1354
ballistic electron emission microscopy (BEEM)

735
ballistic electron emission spectroscopy

(BEES) 735
BEEM. See ballistic electron emission

microscopy (BEEM)
Beer–Lambert law 1195
BEES. See ballistic electron emission

spectroscopy (BEES)
benzotriazole (BTA) 1600–1601
bibliographic data banks 1728
bioanalysis
– FTIR spectroscopy (see Fourier transform

infrared (FTIR) absorption spectroscopy)
– Raman spectroscopy (see Raman

Spectroscopy)
– terahertz (see terahertz (THz) spectroscopy)
bioanalytical spectroscopy
– bibliome 949
– biomes definition 944
– clinical diagnostics
– – analytical method 955
– – bioassay development 953
– – centralized (hospital) testing 952
– – clinical diagnosis 952
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– – healthy and diseased subjects
concentration distribution 955, 956

– – immunoassay formats 953, 954
– – inorganic ions and blood gasses

957–958, 959
– – longitudinal and transversal evaluation

955
– – low-molecular-weight analytes (see

low-molecular-weight analytes)
– – monitoring 952
– – nosological evaluations 956
– – over-the-counter (OTC) tests 952
– – POC devices 952, 953
– – prognosis 952
– – protein analytes (see protein analytes)
– – ROC curves 956
– – screening 952
– – technical level 953, 955
– – test validity 955
– drug discovery 945
– epigenomics 948–949
– epitomics 947–948
– expression mapping 946
– fluorescence detection 945
– genomics and proteomics 944, 945
– hybridoma technique 947
– immunoproteomics 947
– lipidomics 948
– mass spectroscopic methods 946–947
– metabolomics 948
– omic methodologies 945, 946
– peptidomics 948
– personalized medicine and theranostics

944
– – Affymetrix GeneChip

®
systems 949

– – biosensors (see biosensors)
– – Invitrogen 949
– – microfluidic electrophoresis-based devices

949
– pharmacogenomics 945
– SELDI-TOF 947
– site-directed immobilization 967
– subtractive immunization 947
– transcriptomics 946
biological recognition elements (BREs)

1329–1330
biosensors
– affinity 950
– automated immunoassays (see

immunoassays)
– catalytic 950
– colorimetric sensor arrays 949
– definitions 949–950
– immunoassay techniques 950

– molecular probes/indicators 949
– optical biosensors 951
biotechnological process control
– carbon dioxide sensor 1374
– controlled fermentation 1374, 1375
– Crabtree effect 1373
– fermentation curve 1374
– fluorescence spectroscopy 1377
– gas sensors 1373,
– NIR and FTIR spectroscopy 1376–1377
– optical sensors 1374
– oxygen sensor 1374,
– PTS 1378
– Raman spectroscopy 1377
– reactor gas analysis 1373
– UV spectroscopy 1375–1376
– vaccine production (see vaccine production,

downstream processing)
BIS. See bremsstrahlung isochromat

spectroscopy (BIS)
bivalent 1315
BMAC. See breath methylated alkane contour

(BMAC)
Boltzmann equation 514
bombardment-induced light emission (BLE)

750
Bragg reflection 810
Braggs law 475
BRD. See balanced ratiometric detection (BRD)
breast cancer 1565–1566
breath methylated alkane contour (BMAC)

1565–1566
bremsstrahlung 457–458, 459
bremsstrahlung isochromat spectroscopy

(BIS) 727
BREs. See biological recognition elements

(BREs)
bright field image 751
BTA. See benzotriazole (BTA)
bulk analyte spectroscopy 1620–1622

c
capillary electrochromatography (CEC) 376
capillary electrophoresis (CE) 13, 578
capillary electrophoresis mass spectrometry

378–380
cardiac muscle injury 1562
Carius method 8
CARS. See coherent anti-Stokes Raman

scattering (CARS) spectroscopy
Cassegrainian/Schwarzschild objective 85
cathodoluminescence (CL) spectroscopy
– analytical information 715
– direct bandgap semiconductors 714
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cathodoluminescence (CL) spectroscopy
(contd.)

– indirect bandgap semiconductors 714
– instrumentation 714
– performance criteria 715
– SEM 715
– vacuum compatible

semiconducting/insulating solids 714
cationized molecules 1287, 1288
cavity ring-down laser absorption spectroscopy

(CRLAS) 1425, 1426
cavity ring-down spectroscopy (CRDS) 1425,

1426
CCD. See charge-coupled device (CCD)
CD. See circular dichroism (CD)
centerband-only detection of exchange

(CODEX) 319, 320
ceramic mortars. See agate mortars
CF. See cystic fibrosis (CF)
channel waveguides 1615–1617, 1616
characteristic vibrations 34
charge-coupled device (CCD) 53, 1819, 1820
charged particle activation analysis (CPAA)
– analytical information 743
– application 744
– artificial radioisotopes 742–743
– disadvantages 744
– elemental concentration detection 742
– instrumentation 743
– NAA 744
– NDP 745
– performance criteria 743–744
– sample 743
chemical imaging, quality and process control
– applications
– – food and feed safety control 1413–1414
– – pharmaceutical industry 1414
– – recycling and sorting 1414, 1415
– chemical characterization 1409
– chemometrics and data analysis
– – cross validation data set 1413
– – hyperspectral image data vs. classical

spectroscopic data 1410
– – latent variables 1411
– – multivariate image analysis 1411–1412
– – PCA 1411, 1412
– instrumentation 1409–1410
– physical, morphological/texture

characterization 1409
– sample characterization 1409
chemical interferences
– AES 573–574
– dissociation equilibria 549–550
– formation 549

– ionization, flames 550–551
chemical manufacturing process control
– analytical control 1343
– continuous process
– – chemical conversion 1347
– – downstream processing 1353
– – extrusion process 1349–1350, 1351
– – gas chromatography (GC) 1347, 1348
– – ketene process 1347
– – mass spectrometry (MS) 1347, 1348
– – polymerization reaction 1349
– – ultrasonic attenuation spectra 1351,

1352, 1354
– element concentration 1344
– environmental monitoring, process

analytics 1356–1355
– investment and cost
– – cost of ownership 1359–1360
– – costs of analytics 1358
– – instrumentation and implementation

investment 1358
– – investment and operation costs 1360
– – laboratory vs. process implementation

1357
– – on-line vs. laboratory analysis 1360, 1361
– – PAT application 1360, 1361
– – production costs 1357–1358
– – standard analytical measurements 1358,

1359
– measurement sensors 1343–1344
– molecular information 1344
– process environment
– – corrosivity 1353
– – moisture measurement 1353
– – TDLAS (see tunable diode laser absorption

spectroscopy (TDLAS))
– pseudocontinuous batch processing

1345–1346
– quality control workflow 1344,
chemometric detectors (CMDs)
– GC-MS analysis 1804
– isotopic patterns 1795
chord length distribution (CLD) 1381
chromatographic NMR spectroscopy 274
chronic obstructive pulmonary disease

(COPD) 1573
CID. See collision-induced dissociation (CID)
circular dichroism (CD) 82–83, 1144–1145
CITS. See current imaging tunneling

spectroscopy (CITS)
Claisse–Quintin models 499
classical least squares (CLS)
– advantages and disadvantages 1738
– Beer–Lambert law 1735–1736
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– cross validation 1737
– model parameter estimation 1736
– outlier spectra detection 1736
– predictions, application to 1737
– residuals analysis 1736
– set validation 1737
– training set 1736
clean in-phase heteronuclear single quantum

coherence (CLIP-HSQC) 280

ClinProt
®

415
ClinProTools® 2.2 software 415
CLIP-HSQC. See clean in-phase heteronuclear

single quantum coherence (CLIP-HSQC)
clot detection 986
CLS. See classical least squares (CLS)
CMDs. See chemometric detectors (CMDs)
CMOSs. See complementary

metal-oxide-semiconductors (CMOSs)
CODEX. See centerband-only detection of

exchange (CODEX)
coherent anti-Stokes Raman scattering

(CARS) spectroscopy 1631–1632
– advantage 128
– T lymphocyte nucleus 129
coherent anti-Stokes Raman scattering

(CARS) system
– beam expander 68
– image technique 69
– Jablonski diagram 67
– molecular energy level 68
μ-coil NMR probes 280–281
cold vapor generation technique 537–538
collision-induced dissociation (CID)
– databases 1777–1779, 1778
– reproducibility 1776–1777
colloid vibration current (CVI) 1431
COLOC. See constant time correlation by

long-range coupling (COLOC) experiment
complementary metal-oxide-semiconductors

(CMOSs) 927
component detection algorithm (CODA)

1799
Compton scattering 457, 458, 1485, 1523
constant time correlation by long-range

coupling (COLOC) experiment 255–256
continuous dynode electron multiplier 618,

619
continuum sources (CS) 525, 526
copper hexadecafluorophthalocyanine

(F16CuPc) 1518
copper phthalocyanines (CuPcs) 1541–1543,

1542
corpuscles 1523

correlated/correlation spectroscopy (COSY)
337, 1751

– coupling constants 1092–1093
– definition 226
– double-quantum filter 1094
– E-COSY 1094
– proton spectrum 239
– pulse and receiver 1093
– pulse sequence 239–240
– relayed COSY 1094
– states-TPPI protocol 1093
– strychnine, aliphatic region 240–241
– 2D spectrum 1092
correlation by long-range couplings (COLOCs)

1751
COSY. See correlated/correlation spectroscopy

(COSY)
coumarin dyes 1013, 1014
CPAA. See charged particle activation analysis

(CPAA)
cryogenic NMR probe 283, 284, 285
CTM4XAS Charge Transfer Multiplet

Program 1489
CuPcs. See copper phthalocyanines (CuPcs)
current imaging tunneling spectroscopy

(CITS) 734
cystic fibrosis (CF) 1573
Czerny–Turner configuration 51,

d
DAD. See diode-array detector (DAD)
DAPS. See disappearance potential

spectroscopy (DAPS)
DAS. See dynamic-angle spinning (DAS)
data banks 1728
DC arcs 583
deformation vibrations 34
density functional theory (DFT) 1540
density of states (DOS) 1489
dental caries 1576, 1577
DEPT. See distortionless enhancement

polarization transfer (DEPT)
DFG. See different frequency generation

(DFG)
DFT. See density functional theory (DFT)
DFTS. See dispersive Fourier transform

spectroscopy (DFTS)
diabetes mellitus 1565
dielectric/impedance spectroscopy

1432–1433
different frequency generation (DFG) 1575,

1576
diffuse reflection in infrared by Fourier

transform spectrometer (DRIFT) 103
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diffuse reflection probes 1400, 1403–1404
diffuse reflection spectroscopy
– analytical information 785
– applications 786
– instrumentation 785
– performance criteria 785–786
diffusion controlled reaction 1320
diffusion ordered NMR spectroscopy (DOSY)

274–276
digestion bomb 6
α,ω-dihexyl-sexithiophene (DH6T)

1540–1541
diindenoperylene (DIP) film 929, 930,

1546–1547
dilute liquid crystals
– biological material 1087–1088
– CSA tensors 1085
– liquid crystalline system 1086
– molecular alignment 1085
– organic compounds 1086–1087
– oriented matrices 1088
diode-array detector (DAD)
– HPLC, applications 1663–1664
– inorganic ions 1659
– polycyclic aromatic hydrocarbons
– – reversed-phase HPLC 1659, 1660, 1664
– – UV spectrum 1658–1659
– pyrene and alkyl derivatives 1659, 1660
– resolution 1659
– solvents 1658
– tungsten and deuterium light sources 1657
– UV detector 1658
diode laser (DL) sources
– flames and furnaces 526
– GaN-type laser diodes 527
– modulation 526
– tunable dye lasers 525–526
DIP film. See diindenoperylene (DIP) film
dipole–dipole (DD) interaction 1101
direct current plasma (DCP) 561–562, 1669
direct optical detection
– circular dichroism 1144–1145
– optical absorption 1116
– optical read-out 1145
– principles 1115–1116
– refractivity
– – backscattering 1129–1130
– – biomolecular sensing and spectroscopy

1125
– – Bragg grating 1128–1129
– – dual polarization sensors 1125
– – end-fire coupling 1126–1127
– – fiber optics 1126
– – grating couplers 1127–1128

– – in-coupling and read-out techniques
1125

– – Mach–Zehnder interferometer
1136–1137

– – periodic change 1125
– – photonic crystals 1128
– – resonant mirror 1130–1131
– – ring resonators 1139
– – SPR (see surface plasmon resonance

(SPR))
– – young interferometer 1137–1138
– refractometry and reflectometry

1143–1144
– RIfS (see reflectometric interference

spectroscopy (RIfS))
– stimuli-responsive application 1115
– TIR (see total internal reflection (TIR))
disappearance potential spectroscopy (DAPS)

709
dispersive Fourier transform spectroscopy

(DFTS) 1063
distortionless enhancement polarization

transfer (DEPT) 230–231, 232
distributed Bragg reflector (DBR) 1044
Doppler broadening 589
Doppler line broadening 515
DOSY. See diffusion ordered NMR

spectroscopy (DOSY)
double-quantum (DQ) spectroscopy
– alkyl-substituted polycyclic aromatic system

325
– DQ peaks 325
– 1H NMR 303–326
– proton–proton proximities 325
– 2D 13C–13C DQ spectra 326–327
dried droplet technique 432
dual polarization interferometer (DPI) 1138
dynamic-angle spinning (DAS) 345

e
Echelle spectrometers 605, 608
EC-QCLs. See external-cavity quantum cascade

lasers (EC-QCLs)
EDL. See electrodeless discharge lamp (EDL)
EDXRF. See energy-dispersive X-ray

fluorescence (EDXRF)
EDXS. See energy dispersive X-ray

spectroscopy (EDXS)
EELS. See electron energy loss spectroscopy

(EELS)
EFISHG. See electric-field-induced optical

second harmonic generation (EFISHG)
elastic recoil coincidence spectrometry (ERCS)

749



Index 1839

elastic recoil detection analysis (ERDA)
– analytical information 747, 748
– ERCS 749
– instrumentation 745, 746
– megaelectronvolt ion beam analysis system

747
– performance criteria 747
– sample 746
– transmission mode 748
– Van de Graaf accelerators 747
– working principle 745, 746
elastic scattering 457
electric-field-induced optical second harmonic

generation (EFISHG) 1442
electroacoustic spectroscopy 1431
electrochemical analysis. See surface plasmon

resonance (SPR)
electrochemical-quartz crystal microbalance

(E-QCM) 1163–1164
electrochemical surface plasmon resonance

(ESPR) 1134
electrochemical tunneling spectroscopy (ETS)

734
electrodeless discharge lamp (EDL) 524
electrokinetic sonic amplitude (ESA) 1431
electron energy loss spectroscopy (EELS) 709
electron impact (EI) mass spectra
– databases
– – GC retention indices 1774
– – Internet databases 1771, 1774
– – mass spectral analyzer types 1771
– – quality 1772, 1773, 1774
– – specialized databases 1771, 1774, 1775
– – Wiley registry and NIST/EPA/NIH

databases 1771, 1772, 1773
– library search algorithm
– – data reduction 1781
– – first candidate identity 1784
– – INCOS, PBM, and SISCOM algorithms

1782, 1783, 1784
– – main search 1781
– – presearch 1781
– – similarity measures 1782
– – structural similarity search 1784–1785
– – transformations 1781
– vs. soft ionization 1775–1776
electron momentum spectroscopy (EMS)
– analytical information 716
– applications 716
– electronic structure measurement 715
– instrumentation 715–716
– performance criteria 716
– samples 716
electron probe microanalysis (EPMA) 731

– analytical information 717–718
– applications 718
– performance criteria 718
– sample 717
– X-ray energy 716–717
electron probe techniques
– AES
– – analytical information 712, 713
– – applications 713
– – ARAES 713
– – ARXPS 713
– – energy spectrum 711
– – IAES 713
– – instrumentation 711–712
– – performance criteria 712–713
– – sample 712
– – SPAES 713–714
– appearance energy spectroscopy (see

appearance potential spectroscopy (APS))
– cathodoluminescence spectroscopy

714–715
– electron momentum spectroscopy

715–716
– electron-stimulated desorption 718–720
– EPMA 716–718
– ESDIAD 720–721
– EXELFS
– – analytical information 722
– – applications 722
– – conventional TEM 721, 722
– – ionization probability 721
– – PEELS 723
– – primary electron energy 722
– HREELS (see high-resolution electron

energy loss spectroscopy (HREELS))
– IETS 725–726
– inverse photoelectron spectroscopy

726–728
– REELS 728–730
– SEES 736–738
– SEM (see scanning electron microscopy

(SEM))
– STM–IETS 735–736
– STS (see scanning tunneling spectroscopy

(STS))
electron-stimulated desorption ion angular

distributions (ESDIAD) 718, 720–721
electropolymerization
– advantages 1246–1247
– Autolab ESPRIT instrument 1248
– carboxylic acid 1252
– CBZ-PAMAM component 1247, 1249
– electronic device applications 1246
– MIP composite films 1252
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electropolymerization (contd.)
– MIPPy film 1247
– monomers 1248, 1250,
– p-Aminostyrene 1250
– p-ATP-AuNP 1252
– picric acid 1251
electropolymerized molecularly imprinted

polymers (E-MIPs) 1246–1247
electrospray-assisted laser

desorption/ionization (ELDI) 439
electrospray ionization (ESI)
– vs. APCI 1646
– LC-MS 1261, 1263–1264
– soft ionization techniques 361–362
electrospray ionization mass spectrometry

(ESI-MS) 357
ELS. See energy loss spectroscopy (ELS)
EMS. See electron momentum spectroscopy

(EMS)
energy balance, incident light 71, 72
energy-dispersive (ED) spectrometers
– Cartesian 480, 481
– comparison 481, 482
– configurations 479, 480
– limits of detection 481, 483
– principle 479
– secondary target 480
– Si(Li) detector 481
energy dispersive X-ray analysis 731
energy-dispersive X-ray fluorescence (EDXRF)

1428
energy dispersive X-ray spectroscopy (EDXS)

709
energy loss spectroscopy (ELS) 725
Environmental Protection Agency (EPA)

1771, 1772
enzyme-linked immunosorbent assays

(ELISAs) 1313
EPA. See environmental Protection Agency

(EPA)
EPMA. See electron probe microanalysis

(EPMA)
ERCS. See elastic recoil coincidence

spectrometry (ERCS)
ERDA. See elastic recoil detection analysis

(ERDA)
ESA. See electrokinetic sonic amplitude (ESA)
ESDIAD. See electron-stimulated desorption

ion angular distributions (ESDIAD)
ESI. See electrospray ionization (ESI)
ESI-MS. See electrospray ionization mass

spectrometry (ESI-MS)
ESRF. See European Synchrotron Radiation

Facility (ESRF)

ETS. See electrochemical tunneling
spectroscopy (ETS)

European Synchrotron Radiation Facility
(ESRF) 1514–1515

evanescent wave cavity ring-down
spectroscopy (EWCRDS)

– applications 787
– instrumentation 786
– performance criteria 786–787
evolving factor analysis (EFA) 1799
EWCRDS. See evanescent wave cavity

ring-down spectroscopy (EWCRDS)
EXAFS. See extended X-ray absorption fine

structure spectroscopy (EXAFS)
exchange spectroscopy (EXSY) 243, 247
excimer fluorescence 165–166,
EXELFS. See extended energy loss fine

structure (EXELFS)
extended energy loss fine structure (EXELFS)

725, 730
– analytical information 722
– applications 722
– conventional TEM 721, 722
– ionization probability 721
– PEELS 723
– primary electron energy 722
extended X-ray absorption fine structure

spectroscopy (EXAFS) 710, 730, 788,
1486

Extensible Markup Language (XML) data
model 1827–1828

external-cavity quantum cascade lasers
(EC-QCLs) 1570

external quality assessment 995–996
external reflection 74, 75

f
FAB. See fast atom bombardment (FAB)
far infrared region (FIR) 33
fast atom bombardment (FAB) 357, 361
FBRM. See focused beam reflectance

measurement (FBRM)
FCS. See fluorescence correlation spectroscopy

(FCS)
F16CuPc. See copper

hexadecafluorophthalocyanine (F16CuPc)
femtosecond-pulsed THz radiation 1430
FET. See forward electron transfer (FET)
fetal Doppler sonography 411
fiber optics 1405
field desorption (FD) 360
field-flow fractionation (FFF). See also photon

correlation spectroscopy (PCS)
– accumulation wall 1206
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– channel thickness 1207
– characteristics 1205
– descriptions 1205–1206
– organic carrier liquids 1206
– physicochemical properties 1204
– polymer analysis 1207
– Soret coefficient 1207
– ThFFF 1206
FIIA. See flow injection immunoanalysis

(FIIA)
FIR. See far infrared region (FIR)
five-parameter-based logistic model 1325
flame atom emission spectrometry (F-AES)

977
flame atomization 527, 528
FLIM. See fluorescence lifetime imaging

microscopy (FLIM)
flow injection analysis (FIA) 578, 1313
flow injection immunoanalysis (FIIA) 1313
fluorescence correlation spectroscopy (FCS)

167–171, 838, 1617
fluorescence lifetime imaging microscopy

(FLIM) 864, 866
fluorescence quencher
– self-quenching 154
– solute quenching
– – dynamic and static quenching 151
– – fluorophore-quencher pairs 150
– – mixed quenching 151–152
– – protein studies 152–153
– solvent quenching 153–154
– trivial quenching 154
fluorescence recovery after photobleaching

(FRAP) 166–167
fluorescence sensing 173–174
fluorescence spectrometers
– distortions 61
– emission spectrum 59
– excitation spectrum 59
– filter 60
– layout 60
– luminescence 59
– multichannel detectors 61
– PMT 61
– pulsed sources 60
– xenon arc lamp 60
fluorescence spectroscopy 1399
– data evaluation, references 148
– dye 148
– excimer fluorescence 165–166
– FCS 167–171
– fiber optics 148
– fluorescence polarization 159–160

– – steady-state fluorescence anisotropy
160–161

– – time-resolved fluorescence polarization
161–163

– fluorescence quencher (see fluorescence
quencher)

– fluorescence sensing 173–174
– Förster resonance energy transfer

163–165
– FRAP 166–167
– quantum yield and lifetime 148, 149–150
– single molecule fluorescence
– – intracellular processes 172
– – laser-induced fluorescence 171, 172
– – QDs 172
– – scientific disciplines 172
– – single particle tracking 172–173
– solvent relaxation
– – dielectric continuum solvation model

155
– – probing micropolarities 158, 159
– – steady-state spectra 155–156
– – TRES 156–158, 157
– waveguides 1628–1630
fluorescence yield (FY) 1492
focal plane array (FPA) detectors 44, 1180
focused beam reflectance measurement

(FBRM) 1380, 1381, 1382,
food industry, NIR spectroscopy 115, 117,

118
forensic analysis
– MIR spectroscopy 110
– Raman spectroscopy 132
Förster resonance energy transfer (FRET)

163–165
– Cy3, intensity trajectory 844
– data analysis 844
– fluorescence emission 843
– GTPase activation 844–845
– pulsed interleaved excitation 845
forward electron transfer (FET)
– nonradiative 891
– quantum efficiency 891
– thermalized-injected electron 877
– timescale 887
Fourier transformation 42
Fourier transform infrared (FTIR) absorption

spectroscopy
– advantages 1037
– application
– – amide I band 1040
– – bioanalytics 1039–1040
– – biological material 1040
– – biological objects 1041, 1043
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Fourier transform infrared (FTIR) absorption
spectroscopy (contd.)

– – in vitro determination 1040–1041, 1042
– – peptides and proteins 1040
– – VCD spectra 1040
– infrared radiation 1037–1038
– instrumentation
– – chemometric methods 1039
– – dispersive technique 1038
– – Jacquinot advantage 1038
– – microscopy 1038–1039
– – multivariate classification 1039
– – VCD spectra 1039
Fourier transform infrared (FTIR) imaging
– biofuels 1196, 1197
– cell imaging and diagnosis
– – breast cancer 1186
– – IR spectral images 1188
– – malignant brain tumor 1187
– – mammography 1187
– – molecular and metabolic processes 1185
– forensic science
– – Dycem gel print lifter 1192, 1193
– – fingermark analysis 1191–1192
– – lipid and amino acid analysis 1192
– – mapping-type 1191
– FPA detectors 1180
– IR spectroscopy 1179
– microfluidics
– – Beer–Lambert law 1195
– – in situ monitoring 1194–1195
– – γ -junction PDMS 1194, 1195
– – real-time characterization methods 1193
– optical setup 1180–1181,
– pharmaceutical application
– – distribution 1188, 1189
– – drug release 1189, 1190
– – ibuprofen 1189, 1190
– – macro-ATR-FTIR imaging 1189
– point mapping 1179
– polymeric systems
– – degradation 1184–1185, 1186
– – diffusion and dissolution processes 1184
– – nanostructures and surface patterning

1182–1183
– – phase separation 1184, 1185
– – ultrathin film characterization

1181–1182
– single-particle characterization 1195
Fourier transform infrared (FTIR)

spectrometry 1397, 1407, 1408, 1429
Fourier transform infrared (FTIR)

spectroscopy 1368

Fourier transform ion cyclotron resonance
(FTICR) mass spectrometry 368–370

Fourier-transform (FT-IR) spectrometers
– FPA detector 44
– hyphenated technique 45
– IR spectrum 42
– Jacquinot advantage 43
– MCT detector 44
– Michelson interferometer 41
– step-scan mode 44
Fourier transform surface plasmon resonance

(FT-SPR) 1245
four-parameter-based logistic model 1325
FRAP. See fluorescence recovery after

photobleaching (FRAP)
free induction decay (FID) 1680
Fresnel equations 1117–1115
FRET. See Förster resonance energy transfer

(FRET)
functional affinity 1317
fuorescence lifetime imaging microscopy

(FLIM) 881–882
Fusarium verticillioides, 1653

g
gadolinium-tetraazacyclododecanetetraacetic

acid (Gd-DOTA) 1707, 1708
gas chromatography (GC)
– cocaine and metabolites, trimethylsilane

derivatives 1647, 1649
– continuous process control, chemical

manufacturing 1347, 1348
– environmental analysis, SIM 1651
– hydrocarbons in gasoline 1647, 1650
– MS-MS detection 1645, 1646
– SPE and SPME 1647, 1651
gas chromatography–mass spectrometry

(GC–MS) 357
GDMS. See glow discharge mass spectrometry

(GDMS)
GD-OES. See glow discharge optical emission

spectrometry (GD-OES)
gestational diseases
– HELLP syndrome 409–410
– IUGR 410–411
– preeclampsia
– – biomarkers 409
– – definition 407–408
– – hypertension 408
– – pathogenesis 408
– – placental and maternal 408
– stress test 407
GEXRF. See grazing-exit X-ray fluorescence

(GEXRF)
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GHMBC. See gradient-enhanced
heteronuclear multiple bond correlation
(GHMBC)

GHMQC. See gradient heteronuclear multiple
quantum coherence (GHMQC)

GIXRF. See grazing incidence X-ray
fluorescence (GIXRF)

glow discharge mass spectrometry (GDMS)
750

glow discharge optical emission spectrometry
(GD-OES)

– analytical information 749–750
– application 750
– BLE 750
– GDMS 750
– instrumentation 749
– LMMS 750–751
– performance criteria 750
– sample 749
– SCANIIR 750
– working principle 749
G-matrix Fourier transform (GFT) 1109
gradient-enhanced heteronuclear multiple

bond correlation (GHMBC) 258, 259
gradient heteronuclear multiple quantum

coherence (GHMQC) 251, 253
graphene 1530, 1531
grazing-exit X-ray fluorescence (GEXRF) 802
grazing incidence X-ray fluorescence (GIXRF)

802
ground state depletion 869
group frequency approach
– CH2 and CH3 groups 105–106
– inorganic compounds 108
– organic compounds 107

h
half-integer quadrupole nuclei
– 27Al 5Q MAS spectra 346, 347
– inorganic systems 342
– MQ MAS technique 346
– RbNO3 MAS spectrum 344
– 2D DAS spectrum 345
– 2D MQ MAS experiment 346
H-atom 834
HDT. See hexadecanethiol (HDT)
head-sparing phenomenon 411
heavy ion-ERDA (HIERDA) 745
HEIS. See high-energy ion scattering (HEIS)
hemolysis 984
hemolysis, elevated liver enzymes, and low

platelets (HELLP) syndrome 409–410
Herzfeld–Berger analysis 309
heteronuclear dipolar couplings

– HBC-PhC12 339, 340
– H–N–H bond angle 339
– REDOR experiment 337
– SLF experiment 337, 339
heteronuclear experiments
– edited and filtered experiments 1104–1105
– HMQC experiment 1100
– HSQC experiment 1100–1101
– polarization transfer 1099
– scalar and dipolar couplings 1099
– transverse relaxation-optimized

spectroscopy
– – DD and CSA mechanism 1101
– – polarization transfer 1102–1103
– – protein dynamics 1103–1104
– – TROSY component 1101–1102
– triple-resonance experiments
– – (HB)CB(CGCD)HD and

(HB)CB(CGCDCE)HE 1108
– – chemical structure 1106
– – HCCH-TOCSY and HCCH-COSY

experiments 1108
– – HNCA and HN(CO)CA 1106
– – HNCACB and HN(CO)CACB 1106
– – HNCO and HN(CA)CO 1106–1107
– – H(CC)(CO)NH and (H)CC(CO)NH

experiments 1107–1108
– – principle 1106
heteronuclear multiple bond correlation

(HMBC) 1751
– ACCORD (see accordion-optimized

long-range heteronuclear shift correlation
(ACCORD) methods)

– GHMBC 258, 259
– low-pass J-filter 256
– schematic representation 256, 257
– variants 260
heteronuclear multiple-quantum coherence

(HMQC) 247, 250–252, 337, 1100, 1751
heteronuclear shift correlation 249–250
heteronuclear single-quantum coherence

(HSQC) 1100–1101
– chemical shift correlation
– – ADSQC 253, 255
– – GHMQC 251, 253
– – multiplicity-edited GHSQC 253, 254,

255
– – pulse sequence 252
– HETCOR experiment 337
heteronuclear single-quantum correlation

(HSQC) 1687, 1688, 1751
hexadecanethiol (HDT) 1531–1533, 1532
hierarchically ordered spherical description of

environments (HOSE) code 1753–1754
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high-energy ion scattering (HEIS) 755
high-performance liquid chromatography

(HPLC) 982–983, 1399
high-resolution electron energy loss

spectroscopy (HREELS)
– analytical information 723–724
– applications 724
– ELS 725
– highly monochromated primary electron

beam 723
– PEELS 725
– performance criteria 724
– REELS 725
– sample 723
– TEELS 725
high-resolution ICP mass spectrometer 615,

616–617
high-resolution magic angle spinning

(HR-MAS) NMR spectroscopy 293, 294
hit quality index (HQI) 1825–1827
HMBC. See heteronuclear multiple bond

correlation (HMBC)
HMQC. See heteronuclear multiple-quantum

coherence (HMQC)
1H NMR spectrum 293, 294
hollow-cathode lamp (HCL)
– anode 522
– boosted HCL 524
– electrodes 522
– emission 522
– excitation source 521, 522
– lamp current 523
– single-element and multielement 523–524
homonuclear 2D NMR spectroscopy

238–239
HPLC. See high-performance liquid

chromatography (HPLC)
HQI. See hit quality index (HQI)
HREELS. See high-resolution electron energy

loss spectroscopy (HREELS)
HSQC. See heteronuclear single-quantum

coherence (HSQC)
hybrid analyzers 368
hydride vapor phase epitaxy 1544
hyperbilirubinemia (icterus) 984
hyper Raman scattering (HRS) 64
hyperspectral imaging. See chemical imaging,

quality and process control
hyphenated 2D experiments
– definition 268
– GHSQC–TOCSY 268, 269
– HSQC–and HMQC–TOCSY 268, 269
– inverted direct response 269, 270
hyphenated techniques 513

– AAS (see atomic absorption spectrometry
(AAS))

– AES (see atomic emission spectrometry
(AES))

i
IAE. See immunoaffinity extraction (IAE)
IAES. See ion-excited Auger electron

spectroscopy (IAES)
IAMS. See ion attachment mass spectrometry

(IAMS)
ICOS. See integrated cavity output

spectroscopy (ICOS)
ICP. See inductively coupled plasma (ICP)
ICP-MS. See inductively coupled plasma mass

spectrometry (ICP-MS)
ICP-OES. See inductively coupled plasma

optical emission spectrometry (ICP-OES)
ICS. See image correlation spectroscopy (ICS)
IETS. See inelastic electron tunneling

spectroscopy (IETS)
ILS. See inverse least square (ILS)
IMAC. See immobilized metal ion affinity

(IMAC)
image correlation spectroscopy (ICS) 171
IMFP. See inelastic mean free path (IMFP)
immobilized metal ion affinity (IMAC)

364–386
immunoaffinity extraction (IAE) 374–375
immunoassays
– affibodies 1330
– antibodies
– – biomolecular interaction 1319–1320
– – classification 1315
– – cross-reactivity 1316 1318–1319
– – IgG molecule 1314,
– – L- and H-chains 1314–1315
– – noncovalent binding 1316
– – polyclonal and monoclonal antibodies

1315
– – thermodynamics 1316–1318
– BREs 1329–1330
– calibration curve 1324–1326, 1325
– characteristics 1324
– ELISAs 1313
– FIA 1313
– LOD and the LOQ validation 1326
– MDC 1326
– medical diagnostics 1328–1329
– MIPs 1330
– multi-analyte immunoassay, water analysis

1327–1328
– RDL 1326
– recovery rates (RR) 1326–1327



Index 1845

– RIAs 1313
– test formats and assay design
– – advantages and disadvantages 1323
– – binding inhibition test 1321, 1322–1323
– – competitive test format 1321, 1322
– – direct test format 1320, 1321, 1322,

1323
– – displacement assay 1321, 1322
– – principles 1320
– – replacement assay 1321, 1322
– – sandwich assay 1321, 1322
– – sensor surface modification 1323–1324
imprinted self-assembled monolayer (i-SAM)

technique 962
improved performance accordion

heteronuclear multiple bond correlation
(IMPEACH-MBC) experiment 262

IMS. See ionmobility spectroscopy (IMS)
INCOS. See integrated control system

(INCOS)
incredible natural abundance double quantum

transfer experiment (INADEQUATE)
1751

indium tin oxide (ITO) 1626–1627
inductively coupled plasma (ICP)
– argon 1668
– axial viewing 561
– excitation and ionization processes
– – gas flows 585
– – laser-based techniques 586–587
– – metastable argon 586
– – Penning effect 586
– excitation temperatures
– – Boltzmann’s law 587
– – excited states decay 588
– – nonradiative and radiative processes 587
– – radial distributions 588, 589
– – velocity distribution 587
– gas-kinetic temperature 560
– gas temperatures 589–590
– historical development
– – atomic spectrometry 583–584
– – microwave discharges 584
– – plasma torch 584, 585
– – pneumatic nebulization 584
– – ultrasonic nebulization 584
– ICP-OES vs. ICP-MS 635–636
– ionization
– – degree of ionization 590, 591,
– – electron number densities 591
– – electron pressure 591
– – ion intensity factors 590
– – quasi-static ions 592
– – Saha constant 590

– LC detection 1668–1669, 1671, 1672
– LC-ICP MS application 1672, 1673, 1675
– nebulizer 561
– norm temperatures 592–593
– radical and molecule dissociation
– – band spectra 594–595
– – diatomic molecules 595
– – emission spectrum 593
– – metal oxide 596
– – rotational temperatures 595
– – transition probability, dipole radiation

594
– RF generators 560
– routine elemental analysis 559
– torch 560
– toroidal plasma 560
inductively coupled plasma mass spectrometry

(ICP-MS)
– application fields
– – environmental sciences 634–635
– – geological samples 633
– – life sciences 634
– – metals and ceramics 633–634
– ICP mass spectra
– – ArO+ and Cu+ ions 622, 623
– – cluster ions 622
– – minimum resolution power 622, 624
– vs. ICP-OES 635–636
– interferences
– – biatomic interferents 628
– – carbon-based interferents 628
– – collision-induced dissociation 627
– – isobaric interferences 627
– – nebulization effects 626
– – potential interferents 628
– – reaction-induced dissociation 628
– – space charge effects 626–627
– ion detection 618–620, 619,
– ion extraction and optics 620–621
– isotope dilution analysis 628–629
– laser ablation
– – detection efficiency 660
– – gas temperature 660–661
– – instrument drift 671
– – laser-generated aerosol 659
– – mass spectrometers 662–664
– – non-spectral interferences 669–671, 670
– – particle size 660
– – radial and axial distribution of ions

659–660
– – spectral interferences (see spectral

interferences)
– – vacuum interface and ion optics

661–662
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inductively coupled plasma mass spectrometry
(ICP-MS) (contd.)

– mass spectrometers
– – high-resolution instruments 615,

616–617
– – quadrupole-based instrument 615, 616
– – time-of-flight mass spectrometer 615,

617–618, 631–632
– optimization 624–625
– power of detection 625–626
– precision and memory effects 626
– sample introduction
– – desolvation 629–630
– – ETV 630
– – high-pressure nebulization 630
– – organic solution analysis 629
– – spark ablation 631
– – ultrasonic nebulization 630
– skimmer 615
inductively coupled plasma optical emission

spectrometry (ICP-OES)
– analytical precision 610–611
– application fields
– – biological and medical samples analysis

614
– – chemicals analysis 614
– – environmental analysis 613–614
– – geochemical analysis 613
– – metals analysis 614–615
– ICP generators 596–597
– vs. ICP-MS 635–636
– interferences 610
– miniaturized ICPs 611–613, 612
– multielement capacity 611
– power of detection 609–610
– sample introduction
– – electrical discharge ablation 602–603
– – electrothermal evaporation 602
– – hydride generation 601–602
– – laser ablation 603
– – pneumatic nebulization (see pneumatic

nebulization)
– – ultrasonic nebulizers 601
– – volatile species generation 601, 602
– spectrometers
– – CCDs 605–606
– – CTDs 607–608
– – Czerny–Turner mounting 604
– – dispersive 603–604
– – Echelle gratings 604–605, 606
– – Paschen–Runge mounting 605
– – photomultiplier 607, 608
– – quartz fibers 609

inelastic electron tunneling spectroscopy
(IETS) 725–726

inelastic mean free path (IMFP) 1536
INEPT. See insensitive nucleus enhancement

by polarization transfer (INEPT)
infrared (IR) absorption spectroscopy

1814–1815
infrared image furnace (IIF)-IAMS system

1300
infrared multiphoton dissociation (IRMPD)

441
infrared reflection–absorption spectroscopy

(IRRAS) 76, 100–101
infrared spectroscopic imaging
– chemometric imaging 89
– classification methods 91–93
– data preprocessing methods 90
– feature selection and classification 90, 91
– FPA detectors 88
– inferior quality, data set 89
– microscopic investigations 88
– multivariate data analysis 92, 93
– multivariate pattern recognition methods

91
– outlier spectra 89, 90
– sample area 88–89
inorganic analysis
– acid digestion 6
– fusion reactions 7–8
– nonoxidizing acids 6
– oxidizing acids 6–7
insensitive nucleus enhancement by

polarization transfer (INEPT) 229–230
integrated cavity output spectroscopy (ICOS)

1570
integrated control system (INCOS) 1782,

1783
IntelliXtract 1799
interfacial electron transfer
– back charge-transfer dynamics
– – autocorrelation 903–904
– – CW HeCd laser 903
– – excitation laser intensity 903
– – MLCT 902
– – photon antibunching 902
– – time-dependent Mandel parameter

904–905
– – transition-metal complex 905
– BET processes 877
– dye-sensitized TiO2 system
– – dark state, evolution time 896
– – fluorescence fluctuation 883–884,

886–887
– – fluorescence intensity 886, 887
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– – fluorescence quantum efficiency 889
– – Frank–Condon coupling 892–893
– – Lévy statistics 895–896
– – molecular interaction 897
– – nanosecond emission photons 891
– – non-Poisson dark time distribution 893,

894
– – photoinduced processes 877, 878,

890–891
– – power-law kinetics 894, 895
– – property 884
– – single-photon time stamping 884, 886
– – static inhomogeneity 891–892
– – time-stamping technique 888–889
– – ZnTCPP 893, 896
– single-molecule time-stamping spectroscopy
– – Coherent MIRA900 femtosecond laser

878–879
– – fluorescence signal 880
– – TAC 880–881
– tip-enhanced near-field
– – confocal Raman spectroscopy 882–883
– – FLIM 881–882
– vibrational reorganization energy barrier
– – alizarin–TiO2 interfaces 898, 899, 900
– – electronic coupling parameter 897
– – mode-specific reorganization energy 899
– – nuclear equilibrium geometry 900
– – Raman intensity 900–901
– – spectral analysis 898–899
– – tip-enhanced near-field Raman

spectroscopy 883, 901–902
internally filtered probe (IFP) design

1045–1046
internal quality assessment 993–995
internal reflection spectroscopy (IRS)

1613–1614
The International Union of Pure and Applied

Chemistry (IUPAC) 15
intrauterine growth restriction (IUGR)

410–411
intrinsic effects 1431
inverse least square (ILS) 1738–1739
inverse photoelectron spectroscopy 726–728
inversion recovery experiment 233–234
ion attachment mass spectrometry (IAMS)
– BPA
– – EGA probe 1302–1303,
– – polycarbonate pyrolysis 1303–1304,

1305
– GC/MS mode 1309
– IA-Lab 1290–1292
– IA-TOF
– – differential pumping system 1292

– – IA ion source 1292
– – mass spectrum 1293, 1294
– – orthogonal acceleration reflector 1293
– – TOF mass spectrometer 1292, 1293
– instrumental design
– – ion focusing system 1290
– – mass analyzer and detector 1290
– – reaction chamber (RC) 1290
– – sample inlet system 1289–1290
– NOx

– – hydroxyl radicals and acid formation
1307

– – ionic clusters 1309
– – NO emission and conversion 1307
– – N2/O2 MW discharge plasmas

1307–1308
– – ozone (O3) 1307
– organic pollutants, atmospheric

environment 1296
– – exhaust gases from automobiles 1297,

1298
– – formaldehydes indoors 1297–1298
– – offensive odorous substances 1299
– perfluoro compounds
– – perfluorocyclobutane (c-C4F8)

1306–1307
– – perfluoroethane (C2F6) 1306
– – quasi-molecular ions 1304
– – sulfur hexafluoride (SF6) 1306
– – tetrafluoromethane (CF4) 1306
– – trifluoromethane (CHF3) 1306
– performance and response characteristics
– – advantages and applications 1295
– – Li+ affinity 1295
– – linear response range 1294
– – sensitivity 1294
– pesticide residue in rice 1309, 1310
– principle 1288–1289
– RoHS 1296, 1297
– teflon pyrolysis 1299–1300
– – decomposed PTFE 1301–1302
– – IIF interface system 1300
– – pyrogram 1300–1301
ion-exchange chromatography 12
ion-excited Auger electron spectroscopy

(IAES) 713
ionization methods
– hard ionization methods
– – chemical ionization (CI) 360
– – electron impact ionization (EI) 359–360
– soft ionization techniques
– – 252Cf-plasma desorption (PD) 361
– – ESI 361–362
– – FAB 361
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ionization methods (contd.)

– – field desorption (FD) 360
– – MALDI 362–363
ion microprobe analysis
– analytical information 752
– applications 752–753
– instrumentation 751
– IPM 753
– performance criteria 752
– sample 751–752
– working principle 751
ionmobility spectroscopy (IMS) 1423–1424
ionome 948
ion suppression effect 434
ion trap mass analyzers 1771
IRRAS. See infrared reflection–absorption

spectroscopy (IRRAS)
IRS. See internal reflection spectroscopy (IRS)
isothermal titration calorimetry (ITC) 380
ITC. See isothermal titration calorimetry (ITC)
ITO. See indium tin oxide (ITO)

j
2J,3 J-HMBC experiment
– inverse-detected experiment 263
– long-range couplings 266
– pulse sequence 264–265
joint committee on atomic and molecular

physical data exchange (JCAMP-DX) 1813

k
kallikrein-related peptidase 3 (KLK3) 963
kICS. See k-space image correlation

spectroscopy (kICS)
kinome 948
Kjeldahl procedure 8
KLK3. See kallikrein-related peptidase 3 (KLK3)
Koopmans’ theorem 1525
Kramers–Kronig analysis 75, 782
k-resolved inverse photoemission spectroscopy

(KRIPES) 727
KRIPES. See k-resolved inverse photoemission

spectroscopy (KRIPES)
k-space image correlation spectroscopy (kICS)

171

l
Lachance–Claisse models 499
Lachance–Traill models 499
LA-ICPMS. See laser ablation inductively

coupled plasma mass spectrometry
(LA-ICPMS)

Lambert–Beer law 34
laser ablation (LA)

– aerosol generation and transport
– – ablation cell and aerosol transport system

656–657
– – ablation process 652–653
– – crater size 654–655
– – gas environment 656
– – laser pulse duration 655–656
– – laser pulse energy 654
– – laser wavelength 654
– – quantification requirements 657–658
– ELDI 439
– instrumentation 686–687
– LIBS 651
– MALDI 439–440, 652
– volatilization and ionization 438–439
laser ablation inductively coupled plasma

mass spectrometry (LA-ICPMS)
– aerosol generation and transport
– – ablation cell and aerosol transport system

656–657
– – ablation process 652–653
– – crater size 654–655
– – gas environment 656
– – laser pulse duration 655–656
– – laser pulse energy 654
– – laser wavelength 654
– – quantification requirements 657–658
– aperture and crater size 649–650
– applications 688
– components
– – ablation cell and transport system 648
– – ICPMS instrument 648
– – laser source and beam delivery 647–648
– data treatment
– – concentrations/intensity ratios 679
– – internal standardization 683–684
– – isotope ratio determination 684–685
– – limit of detection (LOD) 680
– – offline data analysis methods 680
– – qualitative analysis 681
– – quantitative analysis 681–683
– – relative standard deviations (RSD) 679
– – solid sampling 678
– – time-resolved mode 678
– vs. EPMA and SIMS 686
– figures of merit 687
– ICPMS detection
– – detection efficiency 660,
– – gas temperature 660–661
– – instrument drift 671
– – laser-generated aerosol 659
– – mass spectrometers 662–664
– – non-spectral interferences 669–671, 670
– – particle size 660
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– – radial and axial distribution of ions
659–660

– – spectral interferences (see spectral
interferences)

– – vacuum interface and ion optics
661–662

– LA instrumentation 686–687
– LIBS 651
– MALDI 652
– mass spectrometer configurations and

characteristics 687
– Nd:YAG lasers 648–649
– non-matrix-matched calibration 685
– particle vaporization 651
– radial energy distribution 649
– sample observation 650
– sampling strategies
– – bulk analysis 672–673
– – depth profiling 673–674
– – inclusion analysis 677–678
– – lateral profiling 674–677
– ultrafast laser sources 649
– vacuum interface 650–651
laser-assisted mass spectrometry. See laser

desorption/ionization (LDI) methods
laser desorption/ionization (LDI) methods
– advantage 430, 432
– applications
– – MALDI imaging 444–445
– – MALDI-MS, proteomics 442
– – molecular imaging 442–443
– LAMMA instrument 431
– laser ablation
– – ELDI 439
– – MALDI source 439–440
– – volatilization and ionization 438–439
– laser ion excitation 441, 443
– laser postionization 440–441
– laser pyrolysis 431
– MALDI
– – dried droplet technique 432
– – energy pooling 434
– – homogeneous nucleation 434
– – ion suppression effect 434
– – lucky survivors 434, 436
– – mass fingerprinting 436
– – matrices 432, 435
– – vacuum ionization technique 436
– reflectron 432
– small-molecule desorption/ionization 436
– ToF instrument 431, 432
laser diode techniques 1399
laser-induced breakdown spectroscopy (LIBS)

651

– applications 1427
– dual-/multiple-pulse laser systems 1427
– microplasma 1427
– plasma spectrochemical technique 1426
– samples 1427
– spectrometer 1428
laser-induced plasma spectroscopy (LIPS)

651
laser microprobe mass analysis/spectroscopy

(LMMS) 750–751
laser microprobe mass analyzer (LAMMA)

431–432
laser pyrolysis 431
laser spectroscopy
– CRDS 1425, 1426
– photothermal techniques 1426
– QCL 1424–1425
– TDLAS 1425
laser tweezer Raman spectroscopy (LTRS)

1050
lateral profiling/elemental imaging
– aspect ratio 676
– circular/rectangular ablation craters

676–677
– element distribution analysis 674
– line scans 677
– number of pulses 675
– quasi-continuous approaches 674
– single-spot approaches 674
– temporal correlation, ion signal intensities

674
LC-MS. See liquid chromatography-mass

spectrometry coupling (LC-MS)
least squares regression (LSR)
– advantages and disadvantages of 1735
– baseline-corrected spectral band

1732–1733
– Beer–Lambert law 1732
– predicted concentration 1734
– residuals analysis 1733, 1734
– variance analysis 1733, 1734
LEED. See low-energy electron diffraction

(LEED)
LEIS. See low-energy ion scattering

spectrometry (LEIS)
library search
– distance-similarity concept 1800
– EI mass spectra
– – data reduction 1781
– – first candidate identity 1784
– – INCOS, PBM, and SISCOM algorithms

1782, 1783, 1784
– – main search 1781
– – presearch 1781
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library search (contd.)
– – similarity measures 1782
– – structural similarity search 1784–1785
– – transformations 1781
– MS/MS spectra 1785–1786
– obstacles 1781
– protein sequence databases
– – de novo sequencing 1789
– – peptide fragment fingerprint 1787,

1788
– – peptide mass fingerprint 1786, 1787
– – peptide-MS-search 1789
– – peptide sequence tag 1788 1789
LIBS. See laser-induced breakdown

spectroscopy (LIBS)
limit of detection (LOD) 1326
limit of quantification (LOQ) 1326
linearity check 987–988
line broadening 590
lipemia 984
LIPS. See laser-induced plasma spectroscopy

(LIPS)
liquid chromatography (LC)
– clinical application 1651
– derivatization 1651
– food analysis 1653
– fumonisins 1653
– illicit drug analysis 1653
– mobile-phase removal/limitations 1645
– pesticides 1651, 1652
– pharmaceutical impurities and metabolites

1651
– UPLC 1647, 1652
liquid chromatography-mass spectrometry

(LC-MS)
– APCI 1264–1265
– API methods 1261
– APPI methods
– – characteristics 1267
– – dopants 1266
– – gas phase IE and PA 1266, 1267
– – orthogonal-source-type 1265–1266
– electrospray ionization 1261, 1263–1264
– emerging contaminant 1275–1276
– endocrine-disrupting compounds
– – effect-based analysis 1280
– – natural estrogens 1279
– – plant effluents 1280
– – wildlife and humans 1279
– environmental contaminants 1276
– herbicides 1281–1283
– ionization methods
– – ESI ionization technique 1267

– – ion suppression susceptibility 1268,
1270

– – linear dynamic range 1269
– – matrix effect 1267, 1268
– – post-column techniques 1268 1269
– limits of quantification 1275
– mass analyzers
– – cyclotron instruments 1273
– – FT-ICR-MS instruments 1273
– – magnetic instruments 1273
– – QqQLIT 1272
– – quadrupole ion trap 1271–1272
– – time-of-fight 1272
– – triple quadrupoles 1270–1271
– operational principle 1262–1263
– pesticides 1281–1283
– sample preparation 1273–1274
– TOF-MS and Q-TOF-MS 1274–1275
liquid chromatography-mass spectrometry

coupling (LC-MS) 376–377
liquid core optical ring resonators (LCORRs)

1139
liquid–liquid extraction (LLE) 373–374
liquid Nano-probe™ 280
liquid sampling
– analytical method 22
– dynamic state 21
– flowing sample 20–21
– homogeneous solutions 20
– immiscible mixture 21
– inert containers 22
– main elements 21
– manual systems 21
lithium ion attachment in mass spectrometry

(Li+ IAMS). See ion attachment mass
spectrometry (IAMS)

LLE. See liquid–liquid extraction (LLE)
LMMS. See laser microprobe mass

analysis/spectroscopy (LMMS)
localized surface plasmon resonance (LSPR)

966–967
– ADDL detection 1565
– dielectric constant change 1564–1565
– metal/dielectric interface 1561–1562
– metallic nanoparticles (NPs) 1562, 1564
local thermal equilibrium (LTE) 513
long-range correlated spectroscopy (LR-COSY)

241
long-range heteronuclear chemical shift

correlation
– COLOC 255–256
– HMBC
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– – ACCORD (see accordion-optimized
long-range heteronuclear shift
correlation (ACCORD) methods)

– – GHMBC 258, 259
– – low-pass J-filter 256
– – schematic representation 256, 257
– – variants 260
– 2J,3 J-HMBC
– – inverse-detected experiment 263
– – long-range couplings 266,
– – pulse sequence 264–265
– relative sensitivity 266–267
low-energy electron diffraction (LEED) 755
low-energy ion scattering spectrometry (LEIS)
– analytical information 754
– applications 755
– HEIS 755
– instrumentation 753
– LEED 755
– MEIS 755
– performance criteria 754–755
– sample 754
– working principle 753
low-molecular-weight analytes
– calixarenes 958
– glucose monitoring 959
– hormones 958, 960, 961
– imprinted polymers 961–962
– metabolites 958, 960
– noninvasive monitoring 960
– SAMs 962, 963
– signal-transducing synthetic receptors

958
LR-COSY. See long-range correlated

spectroscopy (LR-COSY)
LSPR. See localized surface plasmon

resonance (LSPR)
LSR. See least squares regression (LSR)
luminescence spectrometer 59
lung cancer 1566

m
Mach–Zehnder interferometer 1136–1137
magic-angle spinning (MAS)
– cross polarization (CP)
– – art 1H decoupling 310–311
– – 13C resonances 311–312
– – Herzfeld–Berger analysis 309
– – high-power proton decoupling 309
– – 1H T1ρ relaxation time 311–312
– – isotropic spectra 309
– – simulated spectra 309, 310
– dipolar coupling 308

– first-order quadrupolar interaction
307–308

– 1H solid-state NMR 313–315
– solid-state NMR 209–210, 211
magnetic mass analyzers 615, 616–617
magnetic sector mass analyzers 364–365
MALDI. See matrix-assisted laser

desorption/ionization (MALDI)
MALDI-MS. See matrix-assisted laser

desorption/ionization mass spectrometry
(MALDI-MS)

MAS. See magic-angle spinning (MAS)
masking 11
mass analyzers
– array detectors 365
– electric and/or magnetic fields 363
– electric sector 365
– hybrid analyzers 368
– magnetic sector 364–365
– mass-to-charge ratio 363
– quadrupole mass analyzer 365–366
– time-of-flight (TOF) 366–367
– trapped-ion 367–368
MassFragment 1792
Mass Frontier 1779, 1790–1791
Mass Spec Calculator Pro 1792
mass spectral databases
– chromatographic retention data 1770
– CID/MS/MS spectra
– – databases 1777–1779, 1778
– – library search algorithm 1785–1786
– – reproducibility 1776–1777,
– database entry 1770
– EI mass spectra
– – GC retention indices 1774
– – Internet databases 1771, 1774
– – library search algorithm 1781–1785,

1782, 1783
– – mass spectral analyzer types 1771
– – quality 1772, 1773, 1774
– – vs. soft ionization 1775–1776
– – specialized databases 1771, 1774, 1775
– – Wiley registry and NIST/EPA/NIH mass

spectral databases 1771, 1772, 1773
mass spectrometric profiling
– data collection, plasma
– – biological samples 412
– – MALDI-TOF MS 411–412
– – sample fractionation 414–415
– – without fractionation 412–414
– gestational diseases (see gestational diseases)
– multiparametric analysis (see

multiparametric analysis)
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mass spectrometric proteome analysis
391–393

mass spectrometry (MS)
– affinity techniques
– – carbohydrate binding protein 394
– – CREDEX-MS 396
– – human Gal-3 395
– – protein–carbohydrate interactions 394
– – proteins identification 393
– biopolymer analysis 358–359
– continuous process control, chemical

manufacturing 1347, 1348
– deconvolution and component detection
– – factor analysis methods 1799
– – GC-MS deconvolution 1797–1799, 1798
– – LC-MS deconvolution 1799
– – mass spectrometric time series 1797
– elemental composition
– – accurate mass 1792–1793,
– – combined algorithms 1795–1796
– – isotope peak pattern 1794–1795
– – mass defect filters 1794
– – mass defect plots 1793–1794
– fragmentation databases
– – pathways 1779
– – reactions 1779
– – rules 1779
– fragmentation pathway prediction
– – combinatorial search systems

1791–1792
– – rule-based approaches 1790–1791
– gas chromatography (GC)
– – cocaine and metabolites, trimethylsilane

derivatives 1647, 1649
– – environmental analysis, SIM 1651
– – hydrocarbons in gasoline 1647, 1650
– – MS-MS detection 1645, 1646
– – SPE and SPME 1647, 1651
– GC-MS 357
– LC-ESI vs. APCI, ionization approach 1646
– liquid chromatography (LC)
– – clinical application 1651
– – derivatization 1651
– – food analysis 1653
– – fumonisins 1653
– – illicit drug analysis 1653
– – mobile-phase removal/limitations 1645
– – pesticides 1651, 1652
– – pharmaceutical impurities and

metabolites 1651
– – UPLC 1647, 1652
– mass spectral databases (see mass spectral

databases)

– multivariate data analysis (see multivariate
data analysis (MVDA))

– vs. NMR spectroscopy 1750
– noncovalent supramolecular complexes

389–391
– oligomerization identification 397–398
– peptide and protein primary structures
– – chemical and/or enzymatic

exopeptidolytic cleavage 363–386
– – ESI-FTICR 385 387
– – fragmentations 384
– – IMAC 364–387
– – MALDI-MS 387
– – phosphorylated protein structures 386
– polybromodiphenyl ethers
– – separation 1647
– – structure 1647
– protein sequence databases
– – cross-references 1780, 1781
– – de novo sequencing 1789
– – peptide fragment fingerprint 1787,

1788
– – peptide mass fingerprint 1786, 1787
– – peptide-MS-search 1789
– – peptide sequence tag 1788, 1789
– – posttranslational modifications 1780
– – selection 1780
– – UPI 1781
– proteome analysis 391–393
– techniques and instrumentation
– – FTICR 368–370
– – ion detection and spectra acquisition

372–373
– – ionization methods (see ionization

methods)
– – mass analyzers (see mass analyzers)
– – microseparation methods (see

microseparation methods)
– – orbitrap-MS 370–372
– – sample introduction 359
– – sample preparation (see sample

preparation)
– tertiary structure characterization 365–389
– total ion chromatogram
– – citrus-flavored soft drink, volatile

molecules 1647, 1650
– – tocopherol isomers 1647, 1649
mass transport controlled reaction 1320
matrix-assisted laser desorption/ionization

(MALDI)
– dried droplet technique 432
– energy pooling 434
– homogeneous nucleation 434
– ion suppression effect 434
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– laser ablation (LA) 439–440, 652
– lucky survivors 434, 436
– mass fingerprinting 436
– matrices 432, 435
– soft ionization techniques 362–363
– vacuum ionization technique 436
matrix-assisted laser desorption/ionization

mass spectrometry (MALDI-MS) 357–358
matrix-assisted laser

desorption/ionization-time of flight mass
spectrometry (MALDI-TOF MS) 411–412

MDS. See metastable deexcitation
spectroscopy (MDS)

medium energy ion scattering (MEIS) 755
MEKC. See micellar electrokinetic

chromatography (MEKC)
mercury cadmium telluride (MCT) detector

44, 1566
metallome 948
metal-organic chemical vapor deposition

(MOCVD) 1544
metal-to-ligand charge-transfer (MLCT) 902
metastable deexcitation spectroscopy (MDS)

805
– analytical information 756, 757
– applications 757
– instrumentation 755–756
– ion neutralization spectroscopy 758
– performance criteria 757
– sample 756
– working principle 755
methylomics 949
micellar electrokinetic chromatography

(MEKC) 376
micro NMR probes 280
microsampling techniques 103–104
microscopic measurements
– confocal microscopes 86–87
– infrared microscopes 85–86
– near-field microscopes 87–88
microseparation methods
– CEC 376
– electrophoretic separations
– – capillary zone electrophoresis 378–380
– – desorption–ionization methods 377
– – desulfotignum phosphitoxidans 378, 379
– – fluorescence detection 378
– – mass spectrometric proteome analysis

378
– ion mobility 382–383
– LC-MS 376–377
– MEKC 376
– online bioaffinity
– – ESI-MS 380–381

– – ITC 380
– – QCM 380
– – SAW 380
– – SPR 380
microspectrometer 39
microwave-induced plasma (MIP) 562–563
– GC-AED
– – carbon monitoring 1669, 1670
– – nitrogen detection 1672
– – organotin compounds 1671, 1674, 1675
– – plasma source arrangement 1669, 1670
– – sulfur heterocyclics determination 1671
– – vanadium and nickel monitoring 1671,

1673
– LC, detection limits 1668
microwave (MW) spectroscopy 1433
mid infrared region (MIR) 33
mid-infrared (MIR) spectrometers
– dispersive 40–41
– FT-IR
– – absorption spectrum, polyethylene 42
– – Connes advantage 43
– – detector 44
– – Fellgett advantage 43
– – Fourier transformation 42
– – hyphenated technique 45
– – Jacquinot advantage 43
– – Michelson interferometer 41
– – movable mirror 42
– – optical retardation 43
– – routine and research spectrometers 43
– – step-scan mode 44–45
mid-infrared (MIR) spectroscopy
– artworks 110
– forensic analysis 110
– industrial applications 110
– IR and Raman spectroscopic imaging 112

113
– medical applications 110
– method parameter reference sheet 111
– polymer analysis 110
– sample preparation and measurement 96
– – ATR sampling technique 101–102
– – Beer–Lambert law 95
– – diffuse reflection 102, 103
– – gas cells 95, 96–97
– – microsampling 103–104
– – mulls 99–100
– – neat solid samples 100
– – pellets 98–99
– – photoacoustic detection 103
– – reflection–absorption sampling technique

100–101
– – solutions and neat liquids 97–98
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mid-infrared (MIR) spectroscopy (contd.)
– – thin sample 102
– structural analysis
– – CH2 and CH3, group frequencies

105–106
– – combination and overtone bands 104
– – inorganic compounds, group frequencies

108
– – organic compounds, group frequencies

107
– – region from 900 to 400 cm−1 108–109
– – region from 1400 to 900 cm−1 106, 108
– – region from 4000 to 1400 cm−1 106
minimum detectable concentration (MDC)

1326
MIP. See microwave-induced plasma (MIP);

molecularly imprinted polymer (MIP)
MIR. See mid infrared region (MIR)
MIR spectrometers. See mid-infrared (MIR)

spectrometers
MLCT. See metal-to-ligand charge-transfer

(MLCT)
MOCVD. See metal-organic chemical vapor

deposition (MOCVD)
mode density-controlled fluorescence
– microresonator effect 863, 865
– optical mode density 862
– photostability 861–862
– plasmonic resonance 862
– Purcell effect 863–864, 866
– quantum yields 866
– silver-coated microscope coverslip 863, 864
model peak method 1798
molecularly imprinted polymer (MIP)

961–962, 1330
molecularly imprinted polymers (MIP)
– noncovalent approach 1233
– preparation 1232
– SPR sensors
– – advantage 1241
– – applications 1253–1255
– – electropolymerization (see

electropolymerization)
– – grafting-from approach (see

surface-initiated polymerization (SIP)
approach)

– – sensitivity 1240
– – solvent casting (see solvent casting)
– template 1232
– vinyl-based free-radical polymerization

1232–1233
Moseley’s law 459, 460
MS. See mass spectrometry (MS)
MS Fragmenter 1791

MS Interpreter 1792
mull technique 99–100
multiparametric analysis
– baseline subtraction and correction

417–418
– biostatistical assays and data visualization
– – AUC 420–421
– – cutoff value 419
– – heat maps 421
– – hierarchical clustering 421
– – larger inhomogeneity 422
– – ROC analyses 420
– ion signals 418–419
– recalibration and standardization 415–417
multiple-element techniques
– fundamental parameter method 500–501
– influence coefficient method 499
multiple-quantum (MQ) spectroscopy

1094–1095
multiple-reaction monitoring (MRM) mode

1268–1271
multiple scattering cluster calculations

(MSCCs) 1549
multivariate curve resolution (MCR) methods

1412
multivariate data analysis (MVDA)
– dimensionality reduction 1800–1801
– distance and similarity 1800
– exploratory data analysis
– – PLS substructure mapping 1803
– – principal component analysis 1802
– – visual cluster analysis 1802
– mass spectral classifier 1803–1804
– – automatic structure elucidation 1805
– – GC-MS, chemometric detectors 1804
– – hitlist substructure classifiers 1805
– – reliability and recall 1803–1804
– – substructure classifiers 1804
– mass spectral features 1801
– variables 1800
multivariate image analysis (MIA) 1411
multivariate image regression 1411
MVDA. See multivariate data analysis (MVDA)

n
nano-optics 1585
1,4,5,8-naphthalene tetracarboxylic

dianhydride (NTCDA) 1517
narrow line sources 583
National Bureau of Standards (NBS) 59
National Institute of Standards and

Technology (NIST) 1771, 1772
National Institutes of Health (NIH) 1771,

1772
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natural broadening 589
NDP. See neutron depth profiling (NDP)
near-edge X-ray absorption fine structure

(NEXAFS) spectroscopy
– analytical information 787–788
– applications 788
– copper phthalocyanine thin films, gold foil

substrates 1497–1499, 1498
– data analysis 1493–1494
– detection modes 1491
– – Auger electron yield 1492
– – fluorescence yield 1492
– – partial electron yield 1492
– – total electron yield 1491, 1492
– – transmission mode 1491
– EXAFS 788
– excited core hole decay 1490–1491
– instrumentation 787
– Lambert–Beer law 1486
– MnO, bulk and thin film properties

1500–1502, 1501
– molecular orientation vs. supersaturation

1499, 1500
– performance criteria 788
– sample 787
– surface sensitivity 1493
– titanium oxides, fingerprint 1494–1497,

1495, 1496
– transition-metal Pcs and metal surfaces

1502–1503
– working principle 787
– XMCD 1503
– X-ray absorption
– – dipole matrix element 1488–1490
– – microscopy 1487
– – resonances 1487–1488
– – schematic view 1486–1487
– – transition rate, Fermi’s golden rule

1487, 1488
– X-ray source 1491
near-field optical microscopy
– history 1585
– TENOM (see tip-enhanced near-field optical

microscopy (TENOM))
near-field scanning optical microscope

(NSOM/SNOM) 87, 173
near-infrared (NIR) fluorescent dyes
– carbocyanine dyes
– – acid–base equilibrium 1017
– – acidochromic molecules 1016
– – bis(heptamethine) 1014, 1016
– – heterocyclic rings 1013–1014
– – light-emitting materials 1015
– – nortricarbocyanine dyes 1017

– – OLED 1014–1015
– – pH sensitivity 1018, 1019
– – PVC optodes 1016–1017
– – spectral characteristics 1018
– – spin-casting techniques 1016–1015
– – unique polymethine chain 1014
– fluorescent probes 999, 1000
– in vivo molecular imaging
– – aortic valve disease 1021
– – EFA-MIR techniques 1020
– – glucose/hydrogen peroxide 1019–1020
– – ICG-polyamine 1021
– – intravenous injection 1020–1021
– – microenvironmental monitoring 1019
– – novel carbocyanine–glucosamine 1021
– – P(NIPA-co-AAm) nanohydrogels 1022
– – αv β3 integrin 1020
– – vis–NIR fluorescent molecules 1020
– noise levels 999, 1011
– phthalocyanines and naphthalocyanins
– – charge-transfer interactions 1025
– – interlocked molecules 1023
– – nanoscale photoelectronic systems 1026
– – optoelectronic applications 1025
– – peripheral substituents 1023
– – photophysical properties 1025
– squaraines and rotaxane dyes 1022–1023
near infrared region (NIR) 33
near-infrared (NIR) spectrometers
– AOTF 47–48
– application range 46
– chemometric method 45
– diode array 47
– filter 47
– FT 46
– LED 47
– optical spectroscopic method 45
– scanning-grating 46
near-infrared (NIR) spectroscopy 1398, 1401
– advantages 114
– environmental monitoring 115
– fiber optic sensors 115
– food industry and agriculture 115, 117,

118
– groups and vibrations, absorption regions

114
– medicine, biology and biotechnology 119
– method parameter reference sheet 119
– oil and petrol production 119
– pharmaceutical industry 118
– polymer industry 118, 119
– solvents 115, 116, 117
– water, temperature variations 115, 117
neutron activation analysis (NAA) 744
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neutron depth profiling (NDP) 745
– analytical information 758–759
– applications 759–760
– instrumentation 758
– performance criteria 759
– sample 758
– working principle 758
NEXAFS. See near-edge X-ray absorption fine

structure (NEXAFS) spectroscopy
NIR. See near infrared region (NIR)
NIR spectrometers. See near-infrared (NIR)

spectrometers
NIST. See National Institute of Standards and

Technology (NIST)
NMR-imaging technique
– hypothetical sample 216, 217
– MRI images 215
– rotating coordinate system 216
– sample preparation 215
– spin–warp 2D imaging pulse sequence

216–218, 219
– 2D Fourier transformation 218, 219
– 2D imaging sequence 215
NMR spectroscopy. See nuclear magnetic

resonance (NMR) spectroscopy
NOE. See nuclear Overhauser effect (NOE)
NOESY. See nuclear Overhauser enhancement

spectroscopy (NOESY)
nondispersive infrared (NDIR) 1397–1398
nonlinear vibrational spectroscopy
– CARS system
– – beam expander 68
– – image technique 69
– – Jablonski diagram 67
– – molecular energy level 68
– SFG spectrometer 65–66
– SRS spectrometer 64–65
NRA. See nuclear reaction analysis (NRA)
nuclear magnetic resonance (NMR)
– 200–750 MHz NMR spectrometer 194
– 300–500 MHz NMR spectrometer 193
– 1000MHz NMR spectrometers 193
– imaging technique
– – hypothetical sample 216, 217
– – MRI images 215
– – rotating coordinate system 216
– – sample preparation 215
– – spin–warp 2D imaging pulse sequence

216–218, 219
– – 2D Fourier transformation 218, 219
– – 2D imaging sequence 215
– solid-state
– – activation energies and temperatures

212, 213

– – alkyne thiol derivatives 203
– – chemical shift anisotropy 206–207
– – correlation times 212, 213
– – dipolar interaction 204–206
– – dynamics 214–215
– – MAS 209–210, 211
– – quadrupolar interaction 207–209
– – relaxation pathways 211–212
– – thermal activation energies 212
– solution-state 1HNMR
– – chemical shifts 197, 199, 200
– – 1-chloroethene 196
– – J-coupling constants 197
– – magnetic field 197
– – NMR spectrum 201–203
– – selective decoupling 199, 200
– – single quantum 198
– – thin-walled glass tube 195
– spectrometers and applications 194–195
– 3D NMR pulse sequence
– – 3D FFT 220
– – HNCA pulse sequence 220, 222
– – J-coupling 220
– – signal-to-noise ratio 221
– – t1 and t2 220
nuclear magnetic resonance (NMR)

spectroscopy
– advantage 1751
– candidate structure ranking 1764–1765
– capillary HPLC- and GC-NMR, solenoidal

microprobe 1681–1682,
– capillary HPLC-NMR coupling
– – bixin isomers 1694, 1695, 1696
– – flavonoids and isoflavonoids 1692, 1693

1694
– – instrumental setup 1691
– – online capillary HPLC-NMR, experimental

setup 1691, 1692, 1693
– – stopped-flow 1H1H COSY spectrum

1694, 1697
– C–C correlation 1751
– CE-NMR and CEC-NMR
– – experimental setup 1703, 1705
– – fatty acid methyl esters, separation 1704,

1705, 1706
– C–H correlation 1751
– chemical shift value 1751
– 13C NMR spectroscopy 1704, 1706–1708,

1707
– continuous-flow 1H NMR probe,

HPLC-NMR 1680–1681
– coupling constants 1751
– cryogenic NMR probes 1422
– flowing liquid 1680
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– Fourier transformation 1749
– GC-NMR separation
– – continuous-flow gas-phase 1H NMR

spectrum, diethylether 1702, 1703
– – diethylether, hexane, and THF 1701,

1702,
– – experimental setup 1701
– – 1,2-trans- and 1,2-cis-dimethylcyclohexane

1703,
– – 2-trans/cis pentene/hexene 1703, 1704
– GPC-NMR coupling 1694, 1698, 1699
– H–H correlation 1751
– high-resolution spectroscopy applications

1419–1421, 1420
– HPLC-SPE-NMR
– – HSQC and HMBC spectra 1689, 1691
– – multiple trapping effect 1688, 1689,

1690
– – online experimental setup 1688, 1690
– Internet, data collections 1765
– interpretation and isomer generation
– – molecular formula 1761–1762,
– – rule-based correlation tables 1764
– – substructural fragments, complex

situation 1762–1763
– – 2D-NMR data, utilization 1763
– vs. IR and MS 1750
– low-field NMR systems 1423
– low signal-to-noise ratio 1749
– molecule, chemical shifts 225
– one-dimensional NMR method
– – application 226
– – attached proton test 229
– – DEPT 230–231, 232
– – INEPT 229–230
– – inversion recovery experiment 233–234
– – nuclear Overhauser effect 228
– – off-resonance decoupling 231–232
– – proton decoupled difference spectroscopy

227–228
– – proton spin decoupling 227
– – selective population transfer 228–229
– – spin–lattice relaxation 232–233
– on-line HPLC-NMR 1683
– polarization transfer methods 1422
– proteins
– – amide resonances 1082
– – 13C and 15N labeling 1082–1083
– – chimeric constructs 1081
– – determination process 1079
– – dilute liquid crystals (see dilute liquid

crystals)
– – dithiothreitol 1081
– – isoelectric point 1081

– – malate synthase G 1080
– – optical spectroscopy 1080
– – perdeuteration 1084–1085
– – physical–chemical structures 1079
– – sample preparation 1080
– – solvent conditioning 1081
– – spectral characteristics 1081
– proton
– – COSY-type experiments (see

correlated/correlation spectroscopy
(COSY))

– – heteronuclear experiments (see
heteronuclear experiments)

– – multiple-quantum spectroscopy
1094–1095

– – NOESY experiment 1097–1098
– – nonlinear sampling 1110–1111
– – 1D spectrum (see one-dimensional (1D)

proton spectrum)
– – principles 1088
– – projection reconstruction technique

1109–1110
– – pulsed field gradients 1089
– – reduced dimensionality techniques 1109
– – ROESY experiment 1098–1099
– – spin system 1092
– – TOCSY 1095–1080
– – triple-resonance experiment 1105–1108
– SFC-1H NMR
– – plastifier separation 1700, 1701
– – probes 1699–1700
– signal intensity 1751
– solvent signal suppression
– – effect of 1684
– – homonuclear TOCSY spectrum,

α-tocopherol acetate 1687, 1688 1689
– – HSQC 2D NMR spectrum, α-tocopherol

acetate 1687, 1688
– – vitamin A acetate isomers 1685, 1686,

1687
– spectral similarity search techniques
– – SAHO method 1752
– – spectral comparison 1751–1752
– spectrum estimation techniques
– – CAST-code 1754
– – HOSE code 1753–1754
– – increment method 1753
– – neural network technologies 1754
– spectrum prediction and quality control
– – algorithms 1755
– – artificially introduced assignment error

1755, 1756
– – 13C-NMR spectra, steric interactions

1757, 1759
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nuclear magnetic resonance (NMR)
spectroscopy (contd.)

– – 1–5 coincident spheres, comparison
1757, 1758

– – five coincident spheres, spectrum
estimation 1755, 1756, 1757

– – HOSE-code limitation 1755
– – isomeric tricyclo-octane derivatives 1757,

1759
– – neural network technology, chemical shift

values 1757, 1758
– – podocarpane, stereochemical effects

1760, 1761
– – reference database, analysis 1754–1755
– – results evaluation 1755
– – two coincident spheres, spectrum

estimation 1757,
– spin coupling interaction 225
– spin-lattice relaxation time reduction

techniques 1422
– structural assignment techniques 1679
– TD NMR spectroscopy 1422
– two-dimensional NMR method
– – μ-coil NMR probes 280–281
– – COSY (see correlated/correlation

spectroscopy (COSY))
– – cryogenic NMR probe 283, 284, 285
– – DOSY 274–276
– – exchange spectroscopy 247
– – gradient 1D NOESY 271–273
– – gradient homonuclear 2D NMR

experiment 248–249
– – heteronuclear shift correlation 249–250
– – HMQC 250–252
– – homonuclear 2D NMR spectroscopy

238–239
– – HSQC (see heteronuclear single-quantum

coherence (HSQC), chemical shift
correlation)

– – hyphenated 2D experiment (see
hyphenated 2D experiments)

– – INADEQUATE experiment 247
– – liquid Nano-probe™ 280
– – long-range heteronuclear chemical shift

correlation (see long-range
heteronuclear chemical shift
correlation)

– – LR-COSY 241
– – micro NMR probes 280
– – NOESY (see nuclear Overhauser

enhancement spectroscopy (NOESY))
– – operation periods 234
– – proton chemical shift 234
– – proton reference spectrum 281–282

– – pulsed field gradients 273–274
– – RDC (see residual dipolar couplings

(RDC))
– – ROESY (see rotating frame Overhauser

enhanced spectroscopy (ROESY))
– – selective inverse multiple bond analysis

273
– – TOCSY 241–243
– – 2D J-resolved NMR experiment (see 2D

J-resolved NMR experiments)
– – zero quantum spectroscopy 247–248
nuclear Overhauser effect (NOE) 228
nuclear Overhauser enhancement

spectroscopy (NOESY) 1097–1098
– homonuclear autocorrelated experiment

243
– pulse sequence 244
– vs. ROESY 246–247
– strychnine, aliphatic region 244, 245
nuclear Overhauser spectroscopy (NOESY)

337
nuclear reaction analysis (NRA)
– analytical information 761
– applications 762
– CPAA 762
– instrumentation 760–761
– NDP 762
– performance criteria 761
– sample 761
– working principle 760

o
octadecanethiol (ODT) 127
OFETs. See organic field effect transistors

(OFETs)
OMBD. See organic molecular beam

deposition (OMBD)
one-dimensional (1D) proton spectrum
– amide proton dispersion 1090
– analog–digital converter 1091–1092
– disadvantage 1090
– larger proteins 1089–1090
– PFGs 1091
– post-acquisition methods 1091
– water-sLED 1090
OPO. See optical parametric oscillation (OPO)
optical detection
– diode-array UV detector (see diode-array

detector (DAD))
– fluorescence detection 1661–1662,
– infrared detection 1663
optical parametric oscillation (OPO) 1575,

1576
optical rotatory dispersion (ORD) 81–82
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optical sensing
– MIR absorption spectroscopy, EB and EBC

analysis
– – advanced photonic sensors 1573, 1574
– – breast cancer 1565–1566
– – broadband gas sensing systems 1566
– – diabetes mellitus 1565
– – diseases and associated biomarkers

1566, 1567
– – EC-QCLs 1570
– – features 1565
– – ICOS 1570
– – lung cancer 1566
– – photoacoustic spectroscopy 1570, 1571
– – QCLs 1566, 1567, 1568, 1569
– – QEPASs 1571
– – respiratory infection and inflammation

1566
– – solid-core waveguide sensing system

1571–1572,
– – TDLAS 1567, 1569
– – TLAS 1569
– THz spectroscopy
– – cancers, detection 1577, 1578
– – dental caries 1576, 1577
– – DFG/OPO 1575, 1576
– – DNA detection 1576
– – imaging/tomographical applications

1575
– – integrated photonic biosensors 1576,

1577
– – label-free biomolecular analysis 1580
– – photoconductive method 1575, 1576
– – photon energy 1574–1575
– – QCLs 1576
– – spectral range 1574
– – THz gap 1573
– UV/Vis/NIR plasmonic sensors
– – Raman spectroscopy 1560, 1564
– – Rayleigh scattering 1564
– – SPR biosensors (see surface plasmon

resonances (SPRs))
optical spectroscopy
– centering 1720–1721,
– infrared region 33–34
– interface sensitivity 1442
– light, absorption
– – electromagnetic wave 31
– – excited states 32
– – Maxwell’s equations 31–32
– – optical excitation 32
– – photons 31
– molecule adsorption, inorganic

semiconductor surface

– – quasi-epitaxial overlayer 1462
– – Raman investigations (see Raman

spectroscopy, molecule adsorption)
– – RAS 1462–1464, 1463,
– organic semiconductors 1443
– perylene derivatives (see PTCDA and

DiMe-PTCDI)
– process control
– – ATR-mode 1400, 1404
– – biogas plants 1405–1406,
– – biotechnology off-line techniques 1407
– – diffuse reflection 1400, 1403–1404
– – fiber optics 1405
– – fluorescence spectroscopy 1399
– – FT-IR-spectroscopic methods 1397,

1407, 1408
– – instrument design 1399
– – laser diode techniques 1399
– – microplants 1406
– – mid-IR-region 1397
– – NDIR instruments 1397–1398
– – NIR spectroscopy 1398
– – Raman spectroscopy 1398–1399
– – transflection 1400, 1402
– – transmission 1400, 1402, 1401
– – UV–vis spectrometry 1398
– processing types and objectives 1719, 1720
– qualitative data analysis 1722, 1723
– – application areas 1745, 1746
– – cluster analysis 1731
– – data bank, spectroscopic information

1728
– – discriminant analysis 1731
– – principal component analysis

1729–1730,
– – SIMCA 1731, 1732
– – spectra interpretation 1729
– – spectral data banks 1723–1728, 1724,

1725
– quantitative data analysis 1722, 1723
– – classical least squares 1735–1737, 1738
– – inverse least square 1738–1739,
– – least squares regression 1732–1734,

1735
– – partial least squares 1740, 1741–1742,

1743
– – principal component regression 1739,

1740, 1741
– – sequence 1732
– Raman effect 35–36
– SERS effect 1441–1442
– SFG 1442–1443
– SHG 1442
– spectral imaging, data analysis
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optical spectroscopy (contd.)
– – chemometric techniques 1745
– – graphical techniques 1744–1745
– – software products 1742, 1743
– spectroscopic ellipsometry (SE) 1442
– standardization 1721
– UHV-Raman system 1441
– UV–vis absorption and luminescence

36–38
optical waveguides
– absorption spectroscopy 1623–1625
– evanescent spectroscopy, dielectric
– – bulk analyte spectroscopy, optimization

1620–1622, 1621
– – homogeneous slab waveguide 1618
– – sensitivity 1619, 1620
– – thin-film spectroscopy, optimization

1622
– – waveguide design 1617–1618
– fluorescence spectroscopy 1628–1630
– instrumentation 1632–1634
– integrated optical waveguide
– – channel waveguides 1615–1617, 1616
– – graded-index planar waveguide 1615
– – homogeneous planar/slab waveguide

1615
– – principles 1614
– – zero-mode waveguide 1617
– Raman spectroscopy 1630–1632
– spectroelectrochemistry 1626–1628
– TIR element
– – ATR spectroscopy 1611–1613, 1612
– – IRS 1613–1614
OPVCs. See organic photovoltaic cells (OPVCs)
orbitrap mass spectrometry 370–372
organic adsorbates
– bonding distances 1516,
– examples 1515
– F16CuPc/Ag(111) and Cu(111) 1518
– F4TCNQ/Cu(111) 1519
– methanethiol/Pt(111) 1519
– NTCDA/Ag(111) 1517
– PEN/Cu(111) and PFP/Cu(111)

1518–1519
– PTCDA/Ag(111), Cu(111), and Au(111)

1516–1517
– SnPc/Ag(111) 1518
– tetrahydrofuran/Cu(111) 1519
organic field effect transistors (OFETs) 1442
organic light-emitting diode (OLED)

1014–1015
organic molecular beam deposition (OMBD)

1446–1447
organic photovoltaic cells (OPVCs) 1443

p
PAES. See positron annihilation Auger

electron spectroscopy (PAES)
PAH. See polycyclic aromatic hydrocarbon

(PAH)
PAHs. See polycyclic aromatic hydrocarbons

(PAHs)
PALM. See photoactivated-optical light

microscopy (PALM)
parallel electron energy loss spectroscopy

(PEELS) 723, 725
paratopes 1315
Parkinson’s disease (PD) 357
partial electron yield (PEY) 1492
partial least squares (PLS) 1740, 1741–1742,

1743, 1803
particle-induced gamma emission (PIGE)
– analytical information 763
– applications 763
– instrumentation 762
– nuclear analysis 762
– performance criteria 763
– sample 763
particle-induced X-ray emission (PIXE)
– analytical information 765
– application 766
– instrumentation 764
– performance criteria 765–766
– sample 764
– spectrum 764, 765
– TRXRFA 766
– working principle 764
– XRF 766
partition chromatography 12–13
PAS. See photoacoustical spectroscopy (PAS)
PAT-initiative. See process analytical

technology (PAT)-initiative
PBM. See probability-based matching (PBM)
PCA. See principal component analysis (PCA)
PCR. See principal component regression

(PCR)
PED. See photoelectron diffraction (PED)
PEELS. See parallel electron energy loss

spectroscopy (PEELS)
PEEM. See photoelectron emission

microscopy (PEEM); photoemission
electron microscopy (PEEM)

pellets 98–99
PEN. See pentacene (PEN)
pentacene (PEN) 1518–1519,
peptide fragment fingerprint (PFF) 1787

1788
peptide mass fingerprint (PMF) 1786, 1787
percussion mortars. See steel mortars



Index 1861

perfluorinated pentacene (PFP) 1518–1519
perfluoro compounds (PFC)
– perfluorocyclobutane (c-C4F8) 1306–1307
– perfluoroethane (C2F6) 1306
– quasi-molecular ions 1304
– sulfur hexafluoride (SF6) 1306
– tetrafluoromethane (CF4) 1306
– trifluoromethane (CHF3) 1306
perylene derivatives. See PTCDA and

DiMe-PTCDI
perylene-tetracarboxylicacid-dianhydride

(PTCDA) 1549, 1550–1551
3,4,9,10-perylene-tetracarboxylic acid

dianhydride (PTCDA)
– Ag(111), Cu(111), and Au(111) 1516–1517
PEY. See partial electron yield (PEY)
PFC. See perfluoro compounds (PFC)
PFGs. See pulsed field gradients (PFGs)
pharmaceutical industry
– NIR spectroscopy 118
– Raman spectroscopy 131
pharmaceutical industry process control
– API production (see active pharmaceutical

ingredient (API) production)
– biotechnology (see also biotechnological

process control)
– – beer and food manufacturing 1369
– – blue biotechnology 1370
– – green biotechnology 1370
– – in-line 1372
– – off-line/at-line 1372
– – on-line 1372
– – red biotechnology 1370
– – technological aspects 1370, 1371
– – white biotechnology 1370,
– chemical manufacturing plant 1363–1364
– chemical synthesis 1363,
– drug product production 1363
– drug substance production 1363
– final product control 1393
– granulation
– – calibration curves 1389, 1391, 1392
– – ex situ measurement systems 1390
– – in-line moisture detection 1389
– – NIR spectra 1389, 1391
– – process equipment 1389, 1390
– – product mixing 1390, 1393
– packaging 1393–1394
– pharmaceutical manufacturing 1388
– raw material control 1367
– regulatory aspects
– – chemometric tools 1366
– – contract 1364
– – PAT-initiative 1365–1366

– – toxicological study 1364
– workflow 1364, 1365
photoacoustical spectroscopy (PAS) 103,

1426, 1570, 1571
– analytical information 789
– applications 789
– instrumentation 788–789
– performance criteria 789
– working principle 788
photoacoustic measurements 73, 83–84
photoactivated-optical light microscopy

(PALM) 845–846
photoelectron diffraction (PED) 1548–1549
photoelectron effect 1485, 1486, 1523–1524
photoelectron emission microscopy (PEEM)

1546–1547,
photoelectron spectroscopy
– binding energy 1524–1525
– Harthree–Fock method 1525
– Koopmans’ theorem 1525
– photoemission experiment
– – energy analyzer and electron multipliers

1535–1536,
– – samples 1537
– – surface sensitivity 1536–1537
– – synchrotron radiation 1535
– – ultrahigh vacuum conditions 1534
– – UV light sources 1534
– – X-ray laboratory sources 1534–1535
– PTCDA, molecular orbital 1549,

1550–1551,
– relaxation energy 1525
– three-step model 1525
– UPS (see ultraviolet photoelectron

spectroscopy (UPS))
– XPD applications 1548–1549, 1550
– XPS (see X-ray photoelectron spectroscopy

(XPS))
photoemission electron microscopy (PEEM)
– analytical information 790
– applications 791
– instrumentation 790
– performance criteria 791
– sample 790
– working principle 790
photomultiplier tubes (PMTs) 61
photon correlation spectroscopy (PCS)
– analyte diffusion 1204
– autocorrelation function 1203, 1204
– detectors 1202
– factors affecting, online D values
– – carrier liquid temperature 1217–1218
– – optimum instrument configuration

1218–1220
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photon correlation spectroscopy (PCS) (contd.)

– – retention time intervals 1216–1217
– FlFFF/PCS, proteins 1224–1225
– individual variables, online D values
– – carrier liquid flow rate 1212–1213,
– – molecular weight 1214–1216
– – sample concentration 1210–1212
– – scattering angle 1213–1214
– materials and methods
– – instrumentation 1209
– – polymer analysis 1208
– – polymer and protein standards 1207,

1208
– – sample preparation 1207–1208
– Stokes–Einstein equation 1201
– synthetic polymers
– – broad MW PS standard 1221, 1222
– – D and DT values 1221, 1222
– – MEK 1221
– – P2EHA242, PBA263, and PMA171

1223–1224
– – ThFFF channel 1220–1221
– ThFFF 1202
photon counting histograms (PCHs) 170
PIE. See pulsed interleaved excitation (PIE)
PIGE. See particle-induced gamma emission

(PIGE)
PIXE. See particle-induced X-ray emission

(PIXE)
plasma-assisted molecular beam epitaxy

(PAMBE) 1544
plasmon polariton 912
PLS. See partial least squares (PLS)
PLS regression. See projection to latent

structures (PLS) regression
pneumatic nebulization 584
– Babington nebulizers 598, 599
– concentric nebulizers 598–599
– direct injection nebulizers 599
– droplet sizes 600–601
– fritted-disc nebulizers 598, 599
– nebulization chamber 597
– optimization 599
– Poiseuille law 600
– Sauter diameter 599–600
– spray chamber 597–598
point mapping 1179
polarized light spectroscopy
– CD 82–83,
– chiral molecules 81
– ORD 81–82,
poly(methyl methacrylate) (PMMA) 112, 113
polycyclic aromatic hydrocarbon (PAH)
– carbon-black extract 1662

– reversed-phase HPLC 1659, 1660, 1664
– UV spectrum 1658–1659
polycyclic aromatic hydrocarbons (PAHs)

1399
polymer analysis
– FFF (see field-flow fractionation (FFF))
– PCS (see photon correlation spectroscopy

(PCS))
polymer industry
– NIR spectroscopy 118, 119
– Raman spectroscopy 133
positron annihilation Auger electron

spectroscopy (PAES) 784
– analytical information 767
– APECS 768
– applications 768
– instrumentation 767
– performance criteria 768
– sample 767
– working principle 766–767
prediction residual error sum of squares

(PRESS) 1741–1742
preeclampsia (PE)
– biomarkers 409
– definition 407–408
– hypertension 408
– pathogenesis 408
– placental and maternal 408
PRESS. See prediction residual error sum of

squares (PRESS)
pressure broadening 97, 590
principal component analysis (PCA) 1411,

1412 1729–1730, 1746, 1747
– alkenes and cyclopropane compounds

1802
– latent variables 1802
principal component regression (PCR) 1412,

1739, 1740, 1741
principal components (PCs) 1729, 1730
probability-based matching (PBM) 1782,

1783, 1784
process analytical technology (PAT)-initiative

1365–1366
projection to latent structures (PLS) regression

1412
prostate cancer 1562
prostate-specific antigen (PSA) 963, 966,

1562
protein analytes 962
– cardiac markers 965
– OMIM and PDB databases 963
– plasma proteins 963, 964
– protein hormones 964
– PSA 963, 966
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– SPR 966–967
proton decoupled difference spectroscopy

227–228
PSA. See prostate-specific antigen (PSA)
PTCDA and DiMe-PTCDI 1443
– absorption spectra 1445, 1446
– chemical structure 1444
– crystallochromy 1446
– HOMO and LUMO 1445
– metal deposition 1447
– – external modes spectra 1478–1481,

1479, 1480
– – frequency calculations 1477
– – high-resolution photoemission

measurements 1478
– – infrared-active modes band 1474, 1475
– – MgO formation 1477
– – 15 nm DiMe-PTCDI films Raman spectra

1477–1478
– – 15 nm PTCDA films Raman spectra

1476–1477
– – In4 PTCDA complex 1475, 1476
– – Raman-active mode enhancement

1473–1474,
– – Raman spectroscopy region 1473
– – SERS effect 1473, 1475
– – spectra normalization 1473
– molecular structure 1444, 1445
– monoclinic crystallographic system 1445
– OMBD 1446–1447
– Raman spectroscopy (see Raman

spectroscopy)
– RAS 1447–1448
PTS. See pulsed terahertz spectroscopy (PTS)
pulsed field gradients (PFGs) 273–274
pulsed interleaved excitation (PIE) 845
pulsed terahertz spectroscopy (PTS) 1378

q
QCLs. See quantum-cascade lasers (QCLs)
QCM. See quartz-crystal microbalance (QCM)
QCTF. See quartz crystal tuning fork (QCTF)
QDs. See quantum dots (QDs)
QEPASs. See quartz-enhanced photoacoustic

sensors (QEPASs)
QMM. See quality management manual

(QMM)
quadrupole-based ICP-MS 615, 616,
quadrupole ICPMS 663
quadrupole mass analyzer 365–366
quality assessment
– AAS 977
– automated clinical chemistry analyzers 978
– F-AES 977

– fluorescence spectroscopy 977
– infrared spectroscopy 977
– requirements 978–979
– RiliBÄK
– – external quality assessment 995–996
– – guidelines 992
– – internal quality assessment 993–995
– – mandatory training and educational

sessions 992
– – QMM 996
– technical prerequisites
– – AAS/F-AES 981–982
– – automated systems (see automated clinical

chemistry analyzers)
– – capital fields 979
– – FTIR 980–981
– – HPLC-coupled methods 982–983
– ultraviolet and visible 977
quality management manual (QMM) 996
quantum-cascade lasers (QCLs) 1424–1425,

1566, 1567, 1568, 1569
quantum dots (QDs) 147
quartz-crystal microbalance (QCM) 380,

1165, 1515
quartz crystal tuning fork (QCTF) 1426
quartz-enhanced photoacoustic sensors

(QEPASs) 1571
quasielastic light scattering (QELS) 1209

r
radioimmunoassays (RIAs) 1313
Raman and fluorescence probes 1404
Raman effect 35–36
Raman scattering, signal enhancement

1590–1591
Raman spectrometers
– advantage 49
– FT-Raman spectrometer, NIR excitation

52–53
– grating with single channel detector
– – Ar+ plasma line 52
– – calibration 51–52
– – detector 51
– – lasers, dispersive Raman instrument 50
– – monochromator system 50, 51
– – three main parts 49
– handheld 55 56
– Raman grating polychromator,

multichannel detector 53–54
Raman spectroscopy 1398–1399
– absolute normalized Raman scattering cross

section 1818
– alignment of optics 121
– analytical information 792, 793
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Raman spectroscopy (contd.)
– applications 793
– aqueous solutions 130
– biochemical and biomedical applications

131
– CARS 128, 129
– catalytic materials 131–132
– CCD technology 1045
– database searching 1825–1827
– data treatment and calibration 1813,

1822–1824, 1823
– dipole moment 1449
– drugs 132
– elastic Rayleigh scattering process 1450
– energy diagrams 1450,
– external modes 1451
– fiber optic probes
– – concentric circle collection 1047
– – confocal Raman endoscopy 1047
– – dielectric filter 1047
– – Enviva probe design 1045, 1046
– – IFP design 1045–1046
– – SORS 1045
– fluorescence interference 1820–1821
– forensic science 132
– FT-Raman spectroscopy, special applications

130
– Gaussian function 1451
– gems and artworks 132–133
– grating-based spectrometers 1045
– Hertzian dipole 1816
– imaging 1047–1048
– induced dipole moment 1814, 1815
– industrial applications 133
– inelastic Raman process 1450
– in situ measurements 1451–1452
– instrumentation 792
– integral Raman scattering coefficient 1817
– laser source 1044
– Lorentz function 1451
– medical diagnostics 1560, 1564
– method parameter reference sheet 133
– vs. MIR and NIR spectroscopy
– – advantages 120–121
– – limitations 121
– molecule adsorption
– – Ag(111) substrates 1468
– – σ -bonds 1469,
– – C–C and C–H modes Raman spectra

1466, 1470, 1471
– – charge transfer 1468
– – C–H–S bridges 1472
– – CH3 umbrella deformation 1472
– – frequency positions 1471, 1472

– – GaAs substrate mode 1464–1465
– – Gaussian 98 package 1468
– – H-passivated Si(111) substrate 1467
– – IR-active band 1470
– – molecule–substrate interaction 1467
– – photoemission measurements 1467
– – Se-passivated GaAs surfaces 1466, 1467
– – types of molecules 1472
– online growth monitoring 1451
– optical fiber coupled probes 1821–1822
– pathology and cytopathology 1049–1050
– performance criteria 792
– pharmaceutical industry 131
– Placzek’s theory 1816
– plane of observation 1817
– polarizability
– – change 1816
– – tensor 1816
– – volume 1816
– polarization measurements 124–125
– polymer science 133
– qualitative analysis 1818–1819
– radiance of Raman line 1818
– Raman microscopy 1821
– Raman spectral databases 1813,

1824–1825
– reference excitation wavenumber 1818
– resonance Raman scattering 125, 126
– resonant Raman effect 1450–1451
– sample 792
– sample illumination and light collection
– – arrangements 122
– – fiber bundle 122, 123
– – filtered probes 123–124
– – Raman microscope 124
– sampling geometrics 121
– scattering
– – activity 1817
– – tensor 1449
– semiconductor technology 130–131
– SERS 1050–656 (see also surface-enhanced

Raman scattering (SERS))
– SFG spectroscopy (see sum frequency

generation (SFG), spectroscopy)
– Si-based CCD detector 1819, 1820
– single-cell analysis 1050
– spectral data analysis 1048–1049
– spectral filtering 1044–1045
– stokes and anti-stokes Raman spectra 1814

1816
– Stokes process 1450
– structural analysis 129
– vibrational fingerprints 130
– vibrational frequency calculation 1452
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– vibrational properties, DiMe-PTCDI
– – breathing mode 1457, 1459
– – C–C stretching modes 1460
– – C–H deformation modes 1460
– – depolarization ratio 1457, 1460
– – DFT 1456
– – elongation patterns 1457, 1459
– – internal and external modes coupling

1461
– – mode frequencies 1461
– – polarization measurements 1457
– – Raman spectra 1457, 1460
– vibrational properties, PTCDA
– – DFT code 1452
– – elongation patterns 1455, 1456
– – internal and external modes coupling

1456
– – phonon properties 1454, 1455
– – polarization-dependent measurements

1453
– – Raman spectra 1453
– – vibrational modes 1453, 1454
– waveguides 1630–1632
– working principle 791–792
– XML data model 1827–1828
– zero point amplitude 1817
Rasberry–Heinrich model 499
Raster image correlation spectroscopy (RICS)

171
Rayleigh scattering 1485, 1523
RBS. See Rutherford backscattering

spectrometry (RBS)
RBS-C. See Rutherford backscattering

spectrometry-channeling (RBS-C)
RBS-channeling spectrometry
– analytical information 772, 773
– applications 773
– definition 771
– instrumentation 772
– performance criteria 772–773
– sample 772
– transmission electron microscopy (TEM)

774
– X-ray diffraction measurement 774
receiver operator characteristic (ROC) 420
recoupled polarization transfer (REPT)

methods 336
recoupling methods
– CODEX 319, 320
– heteronuclear dipolar coupling 317–319
– REDOR technique 315–316, 317
REDOR. See rotational-echo double resonance

(REDOR)

REELS. See reflection electron energy loss
spectroscopy (REELS)

reflectance difference spectroscopy. See
reflection anisotropy spectroscopy (RAS)

reflection absorption infrared spectroscopy
(RAIRS) 76

reflection–absorption infrared spectroscopy
(RAIRS) 100–101

reflection–absorption spectroscopy
– analytical information 794
– applications 795
– instrumentation 794
– limitations 795
– modulation spectroscopy 795
– performance criteria 794–795
– polarization modulation 795
– sample 794
reflection anisotropy spectroscopy (RAS)

1442, 1447–1448,
– molecule adsorption 1462–1464, 1463
– PTCDA and DiMe-PTCDI 1447–1448
reflection electron energy loss spectroscopy

(REELS) 725, 728–730
reflection measurements
– ATR
– – advantage 77 78
– – evanescent field 76, 77
– – hydrating shell 77
– – penetration depth 76, 77
– – single-reflection/multireflection crystals

77
– diffuse reflection
– – light trajectories, scattering sample 79
– – on-/off-axis configuration 80, 81
– – optical layout, infrared range 80, 81
– – quantitative evaluation 79
– – Ulbricht spheres 80
– external reflection 74, 75
– internal reflection 74
– light propagation 74
– reflection absorption 74, 76
– thin films 78–79,
reflectometric interference spectroscopy (RIfS)
– applications
– – antigen/antibody interaction 1141
– – Fabry–Perot interferometer 1142
– – hyphenated techniques 1142
– – LC detector 1142
– – ligand-induced assembling 1141–1142
– – picoscope 1143
– – reflectometry 1142–1143
– ellipsometry 1143
– multilayer photodiodes 1141
– principles
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reflectometric interference spectroscopy (RIfS)
(contd.)

– – affinity reactions 1141
– – cosine function 1140
– – Fresnel equations 1141
– – interference reflectometry 1140
– – partial reflection 1139
– simple and low-cost realizations 1141
relative cross-reactivity 1318
reliable detection limit (RDL) 1326
residual dipolar couplings (RDC)
– arbitrary molecular frame 255
– CLIP-HSQC 236, 280
– dipolar/direct coupling 277
– HSQC sequence 279–280
– internuclear vector/static magnetic field

277
– order matrix 278
resonance Raman scattering (RRS) 125
– Franck–Condon (FC) enhancement 125
– gaseous iodine 126
– vibronic enhancement 125
resonant nuclear reaction analysis (RNRA)

760
restriction of hazardous substances (RoHS)

1296
retention indices 1774
rhodamines 1011–1013
RICS. See raster image correlation

spectroscopy (RICS)
RiliBÄK
– external quality assessment 995–996
– guidelines 992
– internal quality assessment 993–995
– mandatory training and educational

sessions 992
– QMM 996
RNRA. See resonant nuclear reaction analysis

(RNRA)
ROESY. See rotating frame Overhauser

enhanced spectroscopy (ROESY)
RoHS. See restriction of hazardous substances

(RoHS)
rotating-frame nuclear Overhauser effect

spectroscopy (ROESY) 1098–1099
rotating frame Overhauser enhanced

spectroscopy (ROESY)
– vs. NOESY 246–247
– pulse sequence 244, 245
– strychnine, aliphatic region 244, 246
rotational-echo double resonance (REDOR)

315–316, 317
Rowland circle 605
RRS. See resonance Raman scattering (RRS)

Rutherford backscattering spectrometry (RBS)
– analytical information 769, 770
– applications 770–771
– elemental depth analysis 768
– instrumentation 769
– ion number and energy distribution 768
– non-RBS 771
– performance criteria 770, 771
– RBS-C 771
– sample 769
– spectrum 769
Rutherford backscattering

spectrometry-channeling (RBS-C) 771

s
Saha equation 517
Saha function 590
SAHO. See spectral appearance in hierarchical

order (SAHO)
SAM. See scanning Auger microscopy (SAM)
sample preparation
– analysis 4
– IAE 374–375
– liquid samples
– – chromatographic separation 12–13
– – complexation 10–12, 11
– – extraction 10
– LLE 373–374
– measurement process 3–4
– SFE 375
– solid samples
– – ball mill 5
– – grinding 5
– – inorganic analysis (see inorganic analysis)
– – mortars 5
– – organic decomposition 8–9
– SPE 374
– SPME 375
sampling process
– IUPAC 15
– measurement process 16, 17
– physical sample preparation 18
– primary sample collection 17
– QA/QC
– – balanced/empirical-duplicate approach

24–25
– – clean matrix sample 26
– – environmental analysis 25
– – reference sites 25
– – uncertainty principle 24
– – validation 23–24
– – well-defined sampling plan 25
– sampler 15–16
– sampling target 16–17
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– strategy and collection
– – composite sample 19
– – definition 18
– – environmental analysis 20
– – liquid sampling (see liquid sampling)
– – probabilistic 18–19
– – random sampling 18
– – solid sampling 22–23
– – subsamples 19
– – systematic method 18
SAMs. See self-assembled monolayers (SAMs)
Savitsky–Golay algorithm 417
SAW. See surface-acoustic wave (SAW)
SCANIIR. See surface composition by analysis

of neutral and ion impact radiation
(SCANIIR)

scanning Auger microscopy (SAM) 731
scanning electron microscopy (SEM)
– analytical information 732
– applications 733
– performance criteria 732–733
– quantitative information 731
– samples 731
– secondary electrons emission 731
– SEMPA 731
– vacuum conditions 730
scanning electron microscopy with

polarization analysis (SEMPA) 731
scanning ion microprobe (SIMP) 752
scanning low-energy electron loss microscopy

(SLEELM) 730
scanning near-field optical microscopy

(SNOFM) 735
scanning near-mode microscopy (SNGM)
– carbon nanotube and graphene 925–926
– electromagnetic enhancement 911
– enhancement factor
– – close tip–sample distance 915
– – near-field-enhanced signal 915
– – photons 913
– – TEPL 915–917
– – TERS 917–918
– – tip-enhanced spectra 914
– gap-mode configuration 911
– inorganic semiconductor
– – CMSOs 927
– – depolarization configuration 929
– – far-field signal interference 928
– – Ge–Ge and Si–Ge modes 927, 928
– – transparent cantilever tip 927
– life science
– – biological structures 932, 933
– – hemozoin detection 935
– – limitation 932–933

– – proof-of-concept 934–935
– – RNA strand 934, 935
– – tip-enhanced two-photon excitation

fluorescence 934
– microscope configurations 921
– – side-illumination 923
– – top-illumination 923–924
– – transmission 922
– optical antenna 912,
– optical signal 913
– plasmon and plasmon polariton 912
– semiconductor organic thin film
– – diindenoperylene 929, 930
– – flexible photovoltaic devices 929
– – near-field spectroscopic mapping

930–931
– – P3HT:PCBM 932
– SERS 911
– tip antenna
– – electrochemical etching 920–921
– – fabrication 919
– – metal evaporation 919
– – nanostructure, tip bases 919–920
– – tip material 918–919
– tip-sample system 912, 914
scanning proton microprobe 752
scanning tunneling microscopy (STM) 1592
scanning tunneling microscopy –inelastic

electron tunneling spectroscopy
(STM–IETS) 735–736

scanning tunneling spectroscopy (STS)
734–735

– applications 734
– normalized conductance 734
– performance criteria 734
– samples 733
– STM 733
– transmission probability 734
search for identical and similar compounds

(SISCOM) 1783, 1784
secondary electron emission spectroscopy

(SEES) 736–738
secondary ion mass spectrometry (SIMS)

686
– analytical information 775
– applications 776
– instrumentation 774
– performance criteria 775–776
– sample 775
– SNMS 776
– working principle 774
secondary neutral mass spectrometry (SNMS)

776
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second harmonic generation (SHG) 798,
1442

SEES. See secondary electron emission
spectroscopy (SEES)

selective inverse multiple bond analysis
(SIMBA) 273

selective ion monitoring (SIM) 1651
selective optimized flip-angle short-transient

heteronuclear multiple-quantum coherence
(SOFAST-HMQC) 1110–1111

selective population transfer (SPT) 228–229
self-assembled monolayers (SAMs) 962, 963
self-quenching 154
Self-Training Interpretive and Retrieval

System (STIRS) 1785
SEM. See scanning electron microscopy (SEM)
semiconductor industry 130–131
semiconductor organic thin film
– diindenoperylene 929, 930
– flexible photovoltaic devices 929
– near-field spectroscopic mapping 930–931
– P3HT:PCBM 931–932
SEMPA. See scanning electron microscopy

with polarization analysis (SEMPA)
separated local field (SLF) experiment 337,

339
SERRS. See surface-enhanced resonance

Raman scattering (SERRS)
SERS. See surface-enhanced Raman scattering

(SERS)
SEW spectroscopy. See surface

electromagnetic waves (SEW) spectroscopy
SFE. See supercritical fluid extraction (SFE)
SFG. See sum frequency generation (SFG)
SIM. See selective ion monitoring (SIM)
SIMBA. See selective inverse multiple bond

analysis (SIMBA)
SIMCA. See soft independent modeling of

class analogy (SIMCA)
similarity index 1799
simple-to-use interactive self-modeling

mixture analysis (SIMPLISMA) 1799
SIMS. See secondary ion mass spectrometry

(SIMS)
simulated Raman scattering (SRS) 64–65
single-molecule spectroscopy
– autofluorescent proteins 825
– fluorescence-based techniques 824–825
– limitation 824
– local chemical environment 823
– low-temperature study 827
– – antibunched photons 833
– – chromophores 833, 834, 836
– – conformational dynamics 833

– – electron–phonon coupling 834, 836
– – excited-state lifetime 828
– – fluorophore 828–829
– – Hanbury–Brown and Twiss (HBT) setup

832–833
– – homogeneous/inhomogeneous spectral

line broadening 21, 829
– – molecular fluorescence 831–832
– – Shpol’skii matrices 830
– – single terylene dye 831, 832
– – spectral diffusion 834, 835
– – zero-phonon line 830
– room temperature
– – absorption studies 868–869
– – amino-substituted perylene

imid-derivative 847–848
– – autofluorescent protein 850
– – dipole radiation 842–843
– – DRONPA 846–847
– – dynamic single-molecule study 853–854
– – FCS 838
– – fluorescence excitation spectroscopy

866–868
– – fluorescence spectrum 847
– – FRET (see Förster resonance energy

transfer (FRET))
– – intensity-based fluorescence study

841–842
– – intensity trajectory 840 841
– – mode density-controlled fluorescence (see

mode density-controlled fluorescence)
– – N-substituted perylene derivatives

848–849
– – on- and off-resonant form 849
– – PALM 845–846
– – rhodamine 6G 837
– – sample preparation 839
– – SERS (see single-molecule

surface-enhanced Raman scattering
(SERS))

– – single-molecule on–off statistics 841
– – single perylene dye molecules 839
– – small detection volume 837
– – solid-host single-molecule spectroscopy

838
– – solid matrix 838
– – spectral subpopulation identification 825
– – STORM 845–846
– – technique development 836
– – time-resolved (see Time-resolved

single-molecule spectroscopy)
– – yellow fluorescent protein 850–851
– technical requirements
– – confocal microscope 826, 827
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– – minimal detection volume 825
– – spectral integrating detector 827
– – transparent polymers 826
single-molecule surface-enhanced Raman

scattering (SERS)
– chemical effect 857
– chromophore 860, 861
– dipole moment induction 855
– electrical field 856
– electromagnetic enhancement factor

856–857
– enhancement factors 858
– lithographic techniques 858–859
– optical single-molecule spectroscopic

technique 854–855
– plasmons 855–856
– resonance Raman scattering 856, 857
– rhodamine 6G molecule 859–861
– SERRS 855, 856
– substrates 858
single-molecule time-stamping spectroscopy
– Coherent MIRA900 femtosecond laser

878–879
– fluorescence signal 880
– TAC 880–881
single-walled carbon nanotubes (SWNTs)

925–926, 1591, 1597
SISCOM. See search for identical and similar

compounds (SISCOM)
size-exclusion chromatography 13
SLEELM. See scanning low-energy electron

loss microscopy (SLEELM)
small for gestational age (SGA) 410
Smith–Hieftje method 547
SNGM. See scanning near-mode microscopy

(SNGM)
SNOFM. See scanning near-field optical

microscopy (SNOFM)
sodium dodecyl sulfate polyacrylamide gel

electrophoresis (SDS PAGE) 415
soft independent modeling of class analogy

(SIMCA) 1731, 1732
soft X-ray appearance potential spectroscopy

(SXAPS) 709
solid-phase extraction (SPE) 374, 1647, 1651
solid-phase microextraction (SPME) 10, 375
solid-state NMR
– activation energies and temperatures 212,

213
– alkyne thiol derivatives 203
– anisotropic interactions 297, 349–350
– correlation times 212, 213
– CSA 206–207, 297
– dipolar interaction 204–206

– dynamics 214–215
– half-integer quadrupole nuclei
– – 27Al 5Q MAS spectra 346, 347
– – inorganic systems 342
– – MQ MAS technique 346
– – RbNO3 MAS spectrum 344
– – 2D DAS spectrum 345
– – 2D MQ MAS experiment 346
– heteronuclear two-dimensional experiments
– – HETCOR experiments (see 2D

heteronuclear correlation (HETCOR)
experiment)

– – heteronuclear dipolar couplings (see
heteronuclear dipolar couplings)

– – torsional angles 340–341
– – 2D PISEMA spectrum 341–342, 343
– homonuclear two-dimensional experiments
– – anisotropic–isotropic correlation

327–329, 330, 331
– – 13C–13C 2D correlation experiments

320–321, 322
– – double-quantum (DQ) spectroscopy (see

double-quantum (DQ) spectroscopy)
– – 1H DQ MAS spectrum 327
– – 1H–1H DQ MAS spectrum 333–335
– – solid-state INADEQUATE experiment

323
– – 2D exchange (see 2D exchange)
– isotropic molecular tumbling 297
– lineshapes
– – one-dimensional 2HNMR 305–307
– – powder spectra 303–305
– – resonance frequency 300–301
– – single-crystal NMR 301–303
– MAS (see magic-angle spinning (MAS))
– natural abundances 298–299
– NMR-active nuclei 298
– quadrupolar interaction 207–209
– recoupling methods
– – CODEX 319, 320
– – heteronuclear dipolar coupling 317–319
– – REDOR technique 315–316, 317
– relaxation pathways 211–212
– thermal activation energies 212
solid-state NMR lineshapes
– one-dimensional 2HNMR 305–307
– powder spectra 303–305
– resonance frequency 300–301
– single-crystal NMR 301–303
solution-state 1HNMR
– chemical shifts 197, 199, 200
– 1-chloroethene 196
– J-coupling constants 197
– magnetic field 197



1870 Index

solution-state 1HNMR (contd.)
– NMR spectrum 201–203
– selective decoupling 199, 200
– single quantum 198
– thin-walled glass tube 195
solvent casting
– Au nanoparticles 1243
– drop cast method 1241
– grafting-to approach 1243
– imprint/analyte molecules 1241
– NADH molecule 1242
– polymer-NP composite 1243
– polyNNPA nanobeads 1242
– sensing film 1242
– theophylline 1241
solvent quenching 153–154
solvent relaxation (SR)
– dielectric continuum solvation model 155
– probing micropolarities 158, 159
– steady-state spectra 155–156
– time-resolved emission spectra 156–158,

157
SPAES. See spin-polarized Auger electron

spectroscopy (SPAES)
spatially offset Raman spectroscopy (SORS)

1045
spatiotemporal image correlation spectroscopy

(STICS) 171
SPE. See solid-phase extraction (SPE)
spectral appearance in hierarchical order

(SAHO) 1752
spectral data banks 1723–1728
spectral database system (SDBS) 1774
spectral diffusion 834, 835
spectral imaging. See chemical imaging,

quality and process control
spectral imaging device
– approaches 61
– FPA detector 62, 63
– FT-IR imaging 62, 63
– linear array detectors 62, 63
– objectives 63
– spectral mapping 61, 62
– step-scan process 63
– tiling 62
spectral interferences
– AES 572–573
– collision/reaction cell instruments 667
– continuum-source background correction

542–543,
– isotope selection 665
– mathematical correction, ion signal

intensities 668–669
– methods 541–542

– origin 540–541, 665, 666
– polyatomic ions 664
– pulsed-lamp background correction

547–548
– sector field instruments 664, 667
– thermal aerosol treatment 665
– two-line correction method 542
– wavelength-modulation correction methods

548
– Zeeman background correction
– – DC magnet 545
– – disadvantages 547
– – electronic energy levels 543
– – element-specific absorption 544
– – ET-AAS 546
– – longitudinal magnetic field 545, 546
– – net absorbance 545
– – polarized radiation 544, 545
– – splitting pattern 543
spectral mapping 61
spectroscopic ellipsometry (SE) 1442
spectroscopic technique trends
– acoustic spectroscopy 1430–1431
– dielectric/impedance spectroscopy

1432–1433
– IMS 1423–1424
– laser spectroscopy
– – CRDS 1425, 1426
– – photothermal techniques 1426
– – QCL 1424–1425
– – TDLAS 1425
– LIBS
– – applications 1427
– – dual-/multiple-pulse laser systems 1427
– – microplasma 1427
– – plasma spectrochemical technique 1426
– – samples 1427
– – spectrometer 1428
– microanalytical sensors 1419
– MW spectroscopy 1433
– NMR spectroscopy
– – cryogenic NMR probes 1422
– – high-resolution spectroscopy applications

1419–1421, 1420
– – low-field NMR systems 1423
– – polarization transfer methods 1422
– – spin-lattice relaxation time reduction

techniques 1422
– – TD NMR spectroscopy 1422
– on-line spectroscopic methods 1419
– THz spectroscopy 1429–1430
– XRF spectroscopy 1428–1429
specular reflection. See external reflection
spin–lattice relaxation 232–233
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spin-polarized Auger electron spectroscopy
(SPAES) 713–714

spin-polarized ultraviolet photoelectron
spectroscopy 805

spin-resolved inverse photoelectron
spectroscopy (SPIPES) 727

spin-resolved ultraviolet photoemission
spectroscopy (SRUPS) 727

SPIPES. See spin-resolved inverse
photoelectron spectroscopy (SPIPES)

SPME. See solid-phase microextraction
(SPME)

SPPs. See surface plasmon polaritons (SPPs)
SPR. See surface plasmon resonance (SPR)
SPRs. See surface plasmon resonances (SPRs)
SPR spectroscopy. See surface plasmon

resonance (SPR) spectroscopy
SPT. See selective population transfer (SPT)
SR. See solvent relaxation (SR)
SRUPS. See spin-resolved ultraviolet

photoemission spectroscopy (SRUPS)
Standard reference materials (SRMs) 59
Stark broadening 591, 592
static quenching 151
steady-state fluorescence anisotropy

160–161
steel mortars 5
stimulated emission depletion (STED)

microscopy 1603
stimulated Raman spectroscopy (SRS) 128
STM–IETS. See scanning tunneling

microscopy –inelastic electron tunneling
spectroscopy (STM–IETS)

stochastic optical reconstruction microscopy
(STORM) 845–846

STORM. See stochastic optical reconstruction
microscopy (STORM)

stretching vibrations 34
structural similarity search 1784–1785
STS. See scanning tunneling spectroscopy

(STS)
sum frequency generation (SFG) 65–66,

1442–1443
– spectroscopy
– – in situ modified polymer surfaces 128
– – liquid surfaces 128
– – self-assembled monolayers 127
– – surface investigation 127
– vibrational spectroscopy
– – analytical information 797
– – applications 797–798
– – instrumentation 797
– – performance criteria 797
– – SHG 798

– – working principle 796–797
supercritical fluid extraction (SFE) 375
support-vector-machines (SVMs) 1801
surface-acoustic wave (SAW) 380
surface composition by analysis of neutral and

ion impact radiation (SCANIIR) 750
surface electromagnetic waves (SEW)

spectroscopy
– applications 796
– instrumentation 796
– performance criteria 796
surface-enhanced laser desorption ionization

(SELDI) 947
surface-enhanced Raman scattering (SERS)

911, 917, 918, 1050–1051, 1441–1442
– applications 127, 131
– charge-transfer complex formation 126
– electromagnetic enhancement 126
– selection rules 126
– substrates 127
– waveguides 1631
surface-enhanced resonance Raman scattering

(SERRS) 855, 856
surface-extended X-ray absorption fine

structure (SEXAFS) 806–807
surface-initiated polymerization (SIP)

approach
– ATRP 1245
– cyanovaleric acid photoinitiator 1244
– FT-SPR system 1246
– initiator immobilization 1244
– Langmuir–Freundlich model 1246
– MAA and cross-linker EDGMA 1246
– MIP film preparation technique 1244
– polymerization process 1244
– SPR Au surfaces 1245
– ultrathin film 1244
surface plasmon-enhanced

photoluminescence spectroscopy (SPPL)
– Au/PEDOT/electrolyte interface 1170
– chronoamperometric measurements 1170,

1171
– curve broadening 1169
– dielectric constant 1169
– EC-SPR/SPPL technique 1170
– light emission process 1172
– PEDOT films 1168, 1169
– switching property 1170
surface plasmon light scattering (SPLS)
– anion doping–dedoping process

1168
– cyclic voltammogram 1166, 1167
– PANI/SPANI film 1166, 1168
– substrate–electrode interface 1166
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surface plasmon polaritons (SPPs)
– biomedical and clinical analysis 1562
– herpes simplex virus type I and type II,

antibodies detection 1559–1562
– hybridization 1564
– metal/dielectric interface 1561–1562
– optical fibers 1562
– PSA detection 1562
– troponin detection 1562
surface plasmon resonance (SPR) 380
– advantages 1161
– catecholamine, detection
– – adrenaline concentration 1175
– – benzylamines 1174
– – HPLC technique 1173–1174
– – Langmuir approach 1175
– – Langmuir–Freundlich model 1176
– – para-amino benzoic acid 1174,
– – reflectivity 1174–1175
– – stress 1173
– – sympathetic medullar system 1173
– direct optical detection
– – CCD detector 1131
– – commercial systems 1133–1135
– – conformational and electronic changes

1133
– – fiber and waveguide 1135
– – instrumentation 1131, 1132
– – Kretschmann configuration 1131, 1132
– – refractometry 1133
– – sensing mechanism 1131, 1132
– – sensitivity and applications 1135–1136
– electrochemical measurements

1162–1163
– electrode–electrolyte interfaces 1161
– electropolymerization process
– – cyclic voltammograms 1163, 1164
– – density fluctuation 1165–1166
– – electrochromic phenomena 1166
– – E-QCM 1163–1164
– – polyaniline (PANI) film 1163, 1164
– – potentiostatic measurement 1164
– – QCM measurement 1165
– glucose sensing 1172–1173
– polymer films 1162
– SPLS
– – anion doping–dedoping process 1168
– – cyclic voltammogram 1166, 1167
– – PANI/SPANI film 1166, 1168
– – substrate–electrode interface 1166
– SPPL
– – Au/PEDOT/electrolyte interface 1170
– – chronoamperometric measurements

1170, 1171

– – curve broadening 1169
– – dielectric constant 1169
– – EC-SPR/SPPL technique 1170
– – light emission process 1172
– – PEDOT films 1168, 1169
– – switching property 1170
surface plasmon resonances (SPRs)
– analyte detection scheme selection 1563
– LSPR biosensors
– – ADDLs detection 1565
– – dielectric constant change 1564–1565
– – metal/dielectric interface 1561–1562
– – metallic nanoparticles (NPs) 1562, 1564
– SPP biosensors
– – biomedical and clinical analysis 1562
– – herpes simplex virus type I and type II,

antibodies detection 1562
– – hybridization 1564
– – metal/dielectric interface 1561–1562,
– – optical fibers 1562
– – PSA detection 1562
– – troponin detection 1562
surface plasmon resonance (SPR)

spectroscopy
– advantage 1231
– analytical information 798–799
– applications 799
– biomolecules 1229
– chemical sensors and biosensors 1229
– configurations
– – grating couplers 1240
– – Kretschmann-ATR configuration 1239,

1240
– – microfluidic techniques 1239
– – prism-based coupling 1238
– – waveguiding 1240
– density oscillations 1235
– instrumentation 798
– Kretschmann configuration 1235, 1236
– lock-and-key model 1231
– metal–dielectric interface 1235, 1236,

1237
– MIP sensors
– – advantage 1241
– – applications 1253–1255
– – electropolymerization (see

electropolymerization)
– – grafting-from approach (see

surface-initiated polymerization (SIP)
approach)

– – sensitivity 1240
– – solvent casting (see solvent casting)
– molecular imprinting 1230
– Otto configuration 1236, 1237
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– performance characterization 1237–1238
– performance criteria 799
– prism–metal interface 1235,
– signal transduction techniques 1230
SWNTs. See single-walled carbon nanotubes

(SWNTs)
SXAPS. See soft X-ray appearance potential

spectroscopy (SXAPS)

t
TACs. See two time-to-amplitude converters

(TACs)
target factor analysis 1799
TCS. See total/target current spectroscopy

(TCS)
TCSPC. See time-correlated

single-photon-counting (TCSPC)
TDLAS. See tunable diode laser absorption

spectroscopy (TDLAS)
TD NMR spectroscopy. See time domain

nuclear magnetic resonance (TD NMR)
spectroscopy

TEELS. See transmission electron energy loss
spectroscopy (TEELS)

TEF. See tip-enhanced fluorescence (TEF)
TENOM. See tip-enhanced near-field optical

microscopy (TENOM)
TEPL. See tip-enhanced photoluminescence

(TEPL)
terahertz (THz)
– radiation 1559–1560
– spectral region 39
– spectrometers 40, 48–49
terahertz-pulsed imaging (TPI) technology

1430
terahertz (THz) spectroscopy 1429–1430
– amplitude- and phase-resolved detection

1053–1054
– broadband detection
– – electric dipole moment 1054
– – electro-optic methods 1054
– – femtosecond laser pulse 1054
– – Fourier transformation 1055
– – metallic electrodes 1055–1056
– – photoconductive switch 1055
– – transients 1056
– low-energy interactions 1051, 1053
– medical diagnostics
– – cancer detection 1577, 1578
– – dental caries 1576, 1577
– – DFG/OPO 1575, 1576
– – DNA detection 1576
– – imaging/tomographical applications

1575

– – integrated photonic biosensors 1576,
1577

– – label-free biomolecular analysis 1580
– – photoconductive method 1575, 1576
– – photon energy 1574–1575
– – QCLs 1576
– – spectral range 1574
– – THz gap 1573
– molecular and intermolecular modes 1052
– molecular crystals 1051
– normal mode 1052
– sucrose crystal 1051, 1052
– THz-TDS (see terahertz time-domain

spectroscopy (THz-TDS))
– ultrabroadband
– – hyperhemispherical lenses 1057–1058
– – Laguerre–Gauss modes 1058
– – reflective optics 1057
– – transmissive optics 1057
– vibrational modes 1052
– water vapor 1052, 1053
terahertz time-domain spectroscopy

(THz-TDS) 1430
– ATR configuration 1058, 1065–1066
– reflection spectroscopy
– – DFTS 1063, 1064
– – dielectric properties 1065
– – experimental arrangement 1064, 1065
– – Fresnel reflection coefficients 1064
– – geometry 1058–1059
– – interferograms 1064
– – liquids 1063
– – sample and reference signals 1065
– – signal-to-noise ratio 1063
– transmission measurement
– – absorption coefficient 1060, 1061
– – biological systems 1062
– – broadband absorption 1063
– – dielectric function 1061, 1062
– – finite absorption 1061
– – frequency spectra 1060, 1061
– – Fresnel field 1059, 1060
– – geometry 1058–1059
– – solvation kinetics 1062
TERS. See tip-enhanced Raman scattering

(TERS)
tetrafluorotetracyanoquinodimethane

(F4TCNQ) 1519
TEY. See total electron yield (TEY)
TG-MS. See thermogravimetric analysis-mass

spectrometry (TG-MS)
thermal field-flow fractionation (ThFFF)

1202
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thermogravimetric analysis-mass
spectrometry (TG-MS) 1292

thermospray (TSP) 357
thin-film spectroscopy 1622
thin-layer chromatography 13
Thomson (elastic) scattering 1485, 1523
THz-TDS. See terahertz time-domain

spectroscopy (THz-TDS)
tiling 62
time-correlated single-photon-counting

(TCSPC) 851–852
time domain nuclear magnetic resonance (TD

NMR) spectroscopy 1422
time-of-flight (ToF)
– instrument 431–432,
– mass analyzers 366–367
time-of-flight mass spectrometer (TOFMS)

615, 617–618, 663
time-resolved emission spectra (TRES)

156–158, 157
time-resolved single-molecule spectroscopy
– chromophore 852
– energy-transfer efficiency 852
– red-fluorescent protein DsRed 853
– TCSPC 851–852
time-resolved two-photon photoemission

spectroscopy
– analytical information 800
– applications 800
– instrumentation 799
– performance criteria 800
– sample 800
tin phthalocyanine (SnPc) 1518
tip-enhanced coherent anti-Stokes Raman

scattering (TE-CARS) 1600
tip-enhanced fluorescence (TEF)
– biological surface imaging 1596–1598
– single-molecule experiments 1595–1596
tip-enhanced near-field optical microscopy

(TENOM)
– applicability, checklist 1603
– evanescent and propagating waves,

principles 1586–1587
– experimental realization
– – far-field background 1593–1594
– – near-field microscopes 1592–1593
– metal structures, field enhancement

1587–1590, 1588
– optical signals, tip-enhancement
– – excitation rates 1590
– – fluorescence enhancement 1591
– – radiative rate 1590
– – Raman scattering 1590–1591
– TERS

– – biopolymers and biosurfaces 1601–1602
– – chemical analysis, surfaces 1600–1601
– – disadvantages 1598–1599
– – nanoscale optoelectronic probing

1602–1603
– – semiconductors, stress imaging 1602
– – signal enhancement and detection

sensitivity 1599–1600,
– tip-enhanced fluorescence
– – biological surface imaging 1596–1598
– – single-molecule experiments

1595–1596,
tip-enhanced photoluminescence (TEPL)
– excitation rate 915
– photonic mode density 916
– spectral energy density 916
– spontaneous radiative decay rate 916
– tip radius 917
tip-enhanced Raman scattering (TERS) 792,

917–918, 1050
– biopolymers and biosurfaces 1601–1602
– chemical analysis of surfaces 1600–1601
– drawback 1598–1599
– nanoscale optoelectronic probing

1602–1603
– semiconductors, stress imaging 1602
– signal enhancement and detection

sensitivity 1599–1600,
tip-on-aperture (TOA) 1586, 1587
TIRF. See total internal reflection fluorescence

(TIRF)
TLAS. See tunable laser absorption

spectroscopy (TLAS)
α-tocopherol acetate
– homonuclear TOCSY spectrum 52.1689,

1687, 1688
– HSQC 2D NMR spectrum 1687, 1688
TOFMS. See time-of-flight mass spectrometer

(TOFMS)
total correlated spectroscopy (TOCSY)

1095–1080
– definition 242
– homonuclear vicinal coupling coherence

242
– strychnine, aliphatic region 242–243
total electron yield (TEY) 787, 805, 1491,

1492
total internal reflection (TIR)
– ATR 1119–1120
– effective path length and sensitivity

1120–1121
– elements
– – ATR spectroscopy 1611–1613, 1612
– – IRS 1613–1614
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– reflection and refraction
– – dielectric interface 1116–1117
– – evanescent waves 1118–1119
– – Fresnel equations 1117–1118
– – transmission coefficients 1118
– waveguide
– – effective refractive index 1122
– – fiber-optic configuration 1124
– – graph sensitivity 1122, 1123
– – mode/multimodal 1122
– – optical and physical thickness

1124–1125
– – slab 1121, 1122
– – TE and TM modes 1124
– – transverse resonance condition 1122
total internal reflection fluorescence (TIRF)

167
total reflection X-ray fluorescence analysis

(TRXRFA) 766
total reflection X-ray fluorescence spectroscopy
– analytical information 801
– applications 802
– instrumentation 801
– performance criteria 801–802
– sample 801
– working principle 800–801
total/target current spectroscopy (TCS) 711
transflection probes 1402
transmission electron energy loss

spectroscopy (TEELS) 725
transmission spectroscopy
– applications 803
– energy balance of incident light 72
– instrumentation 802
– performance criteria 803
– sample cells 71, 72
– window/fiber material, optical 71, 73
transthyretin 415
transverse relaxation-optimized spectroscopy
– DD and CSA mechanism 1101
– polarization transfer 1102–1103
– protein dynamics 1103–1104
– TROSY component 1101–1102
trapped-ion mass analyzers 367–368
TRES. See time-resolved emission spectra

(TRES)
trinitrotoluene (TNT) 1134
triple quadrupole linear ion trap(QqQLIT)

1272
trivial quenching 154
TRXRFA. See total reflection X-ray

fluorescence analysis (TRXRFA)
TSP. See thermospray (TSP)
TT-multiplets 1489

tunable diode laser absorption spectroscopy
(TDLAS) 1399, 1425, 1567, 1569

– absorption measurement 1353–1354
– corrosion prediction 1356
– gas detector system 1355
– measurement path 1354, 1355
– moisture measurement 1355
– spectroscopic principles 1353
– system console 1354
– target gas concentration 1354
tunable laser absorption spectroscopy (TLAS)

1569
2D exchange
– 13C MAS 2D exchange 332, 333
– 2H static exchange 329, 332
2D heteronuclear correlation (HETCOR)

experiment
– COSY and NOESY experiments 337
– 1H–13C WISE experiment 335–336
– HSQC and HMQC experiments 337
– MAS-J-HSQC experiments 314–337, 338
– REPT method 336
2D J-resolved NMR experiments
– amplitude modulated heteronuclear

235–236
– amplitude modulation 236
– 13C chemical shift information 235
– contour plot 237–238
– evolution time 236
– interferograms 237
two time-to-amplitude converters (TACs)

880–881

u
ultrahigh-pressure liquid chromatography

(UPLC) 1647, 1652
ultrahigh vacuum (UHV) 1441, 1514–1515,
ultrasonic nebulization 584
ultrasound attenuation spectroscopy 1430
ultraviolet photoelectron emission microscopy

(UV-PEEM) 1546–1547
ultraviolet photoelectron spectroscopy (UPS)

781, 810
– analytical information 804
– applications 804
– ARUPS
– – graphene band structure 1530, 1531
– – hydrocarbon molecules, energy band

structure 1529, 1530
– – 2D adsorbate band structures 1527,

1528, 1529
– data analysis 1537–1538
– DH6T/Ag(111), photoemission spectra

1540–1541
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ultraviolet photoelectron spectroscopy (UPS)
(contd.)

– instrumentation 803–804
– MDS 805
– metal, photoemission 1525, 1526
– organic/metal interfaces 1527, 1528
– organic semiconductor 1526
– performance criteria 804
– photon momentum 1525
– polyatomic molecule, potential well 1526,
– sample 804
– valence and conduction states, energy

dispersion 1527
ultraviolet photoemission spectroscopy 756,

757
unique protein identifier (UPI) 1781
UPLC. See ultrahigh-pressure liquid

chromatography (UPLC)
UPS. See ultraviolet photoelectron

spectroscopy (UPS); ultraviolet
photoemission spectroscopy

UV-PEEM. See ultraviolet photoelectron
emission microscopy (UV-PEEM)

UV–vis absorption and luminescence 36–38
UV–vis fluorescent dyes
– coumarin 1013, 1014
– rhodamines 1011–1013
UV/vis spectrometers
– detector 58–59,
– monochromator 57–58
– multichannel 57
– multichannel, block diagram 57
– NBS 59
– scanning 56
– scanning, block diagram 56
– source 57
UV–vis spectrometry 1398
UV/vis spectroscopy
– auxochrome 135
– bathochromic effect 135
– chromophore 135
– hyperchromic and hypochromic effect 136
– hypsochromic effect 135
– metal complexes 140, 141, 142
– metal nanoparticles
– – applications 146, 147
– – gold nanoparticles, plasmon resonance

spectra 147
– – quantum dots 147
– – sizes and shapes 147
– method parameter reference sheet 144
– sample preparation 136 137
– semiconductors
– – absorption edge 142, 143

– – color centers 144
– – gap transition energies 142, 143
– – insulators 144
– solvents, cutoff wavelengths 136
– spectroscopic imaging
– – filter-wheel multiple exposure systems

145
– – full spectral capture systems 145
– – retinal ganglion cells 146
– structural analysis
– – benzene and benzene derivates 139
– – disubstituted benzenes 139, 140
– – heteroaromatic compounds 139
– – polycyclic aromatic hydrocarbons 139
– – polymethines 138,
– – proteins 139, 140, 141
– – representative chromophore absorption

136, 137

v
vaccine production, downstream processing
– crystallization
– – ATR-FTIR measurements 1380
– – FBRM 1380, 1381, 1382
– – particle size distribution 1379
– – process design issues 1379
– – process stability 1383
– – thermodynamics control 1379
– drying
– – batch production processes 1383
– – NIR monitoring 1384–1385
– – on-line measuring methods 1383
– – on-line process mass spectrometry

monitoring 1385, 1386
– – solvent extraction 1383
– – vacuum drying 1386, 1387, 1388
– PAT-approaches 1378–1379
vanadyl phthalocyanine (VOPc) 1549
vapor generation technique 533–534
variance diagram (VARDIAI) 1799
vibrational circular dichroism (VCD) 1039,

1144–1145
visual cluster analysis 1802
vitamin A acetate isomers
– continuous-flow 1H NMR detection

1685–1686, 1687
– structures 1685,
voltage tunneling spectroscopy (VTS) 734
VOPc. See vanadyl phthalocyanine (VOPc)
VTS. See voltage tunneling spectroscopy (VTS)

w
waveguide spectroscopy. See optical

waveguides
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wavelength-dispersive (WD) spectrometers
– analyzer crystals 477
– Braggs law 475
– d-spacing 477
– goniometer 477
– irradiation/detection geometry 475, 476
– single-channel and multichannel

instruments 478–479
wavelength-dispersive X-ray fluorescence

(WDXRF) 1428
wavelength dispersive X-ray spectroscopy

(WDS) 717
wavelength modulation spectroscopy (WMS)

1354
WDS. See wavelength dispersive X-ray

spectroscopy (WDS)
Wiley Registry of Mass Spectral Data 1771,

1772
WMS. See wavelength modulation

spectroscopy (WMS)

x
XAFS. See X-ray absorption fine structure

(XAFS)
XanTec 1134–1135
XMCD. See X-ray magnetic circular dichroism

(XMCD)
XML Schema Definition (XSD) language

1827
XPD. See X-ray photoelectron diffraction

(XPD)
XPS. See X-ray photoelectron spectroscopy

(XPS)
X-ray absorption fine structure (XAFS)
– analytical information 806
– applications 806
– instrumentation 805–806
– performance criteria 806
– SEXAFS 806–807
– working principle 805
X-ray detectors
– advantages and disadvantages 472
– channels 473
– CZT detectors 475
– ED detectors 474, 475
– energy resolution 475, 476
– Fano factor 470
– gas-flow proportional counter 470, 471
– gas gain/multiplication 470
– intrinsic zone 472
– line broadening 474
– operation principle 473
– output pulses 472
– proportionality and linearity 469

– scintillation counter 471–472
– Si-PIN diode detectors 475
– solid-state detector 475
– WDXRF spectrometry 470
X-ray diffraction (XRD) 1346
X-ray fluorescence (XRF) 1345–1346
– atomic structures 459, 461
– bremsstrahlung 457–458, 459
– characteristic lines 458, 460
– data treatment
– – counting statistics 491
– – EDXRF 493–495
– – error sources 501–502
– – multiple-element techniques 499–501
– – quantitative calibration 495–497
– – single-element techniques 497–498
– – specimen preparation 502–503
– – spectrum evaluation 491–492
– – WDXRF 492–493
– detection limit 504
– EDXRF instrumentation 465, 466
– elastic/Rayleigh scattering 457
– energy-dispersive (see energy-dispersive (ED)

spectrometers)
– feature 452
– figures-of-merit
– – analytical sensitivity 462–463
– – detection limits 463–465, 464, 466
– – determination limits 464
– high-energy photons 451
– inelastic/Compton scattering 457, 458
– interactions
– – Lambert–Beer law 454
– – mass attenuation coefficient 454
– – mixture rule 454
– – photon–matter interaction processes

453, 454–455
– – scattering 455
– matrix effects
– – direct enhancement 489–490
– – indirect enhancement 490
– – primary absorption 489, 490
– – secondary absorption 489
– – thin and thick samples 487–489
– measurement 451–452
– microscopic 485–487
– Moseley’s law 459, 460
– photoelectric effect
– – absorption edges 455–456
– – Auger electrons 455
– – fluorescence yield 455
– – jump ratio 456
– – τMo variation 455, 457
– portable and radioisotope 480, 483–484
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X-ray fluorescence (XRF) (contd.)
– principle 452
– qualitative analysis 503
– quantitative reliability 504
– selection rules 461–462
– total reflection 484, 485
– wavelength and energy scales 453
– wavelength-dispersive (see

wavelength-dispersive (WD)
spectrometers)

– WDXRF instrumentation 465, 466
– X-ray detectors (see X-ray detectors)
– X-ray sources
– – radioactive sources 468 469
– – rotating anode tube 467
– – sealed X-ray tube 466–468
– – synchrotron radiation 468–469
X-ray fluorescence (XRF) spectroscopy

1428–1429
X-ray-induced fluorescence (XRF) 766
X-ray magnetic circular dichroism (XMCD)

1442, 1503
X-ray photoelectron diffraction (XPD) 810,

1548–1549, 1550
X-ray photoelectron spectroscopy (XPS)
– AES 810
– analytical information 808, 809
– applications 810
– chemical shift 1533
– copper phthalocyanine films 1541–1543,

1542
– DIP/Au(111), UV-PEEM image

1546–1547
– final state effects 1533
– growth modes
– – Ga/GaN film growth 1544–1546, 1545
– – island growth 1543
– – layer-by-layer mode 1543
– – layer plus island growth 1543–1544
– HDT monolayer
– – S 2p highly resolved core-level

photoemission spectra 1532, 1533
– – survey spectrum 1531–1533, 1532
– high-energy XPS 1552
– instrumentation 807–808

– performance criteria 809
– quantitative analysis 1538–1540
– sample 808
– UPS 810
– working principle 807
– XPD 810
X-ray standing wave (XSW)
– analytical information 811
– applications 812
– instrumentation 810–811
– organic adsorbates
– – bonding distances 1516
– – examples 1515
– – F16CuPc/Ag(111) and Cu(111) 1518
– – F4TCNQ/Cu(111) 1519
– – methanethiol/Pt(111) 1519
– – NTCDA/Ag(111) 1517
– – PEN/Cu(111) and PFP/Cu(111)

1518–1519
– – PTCDA/Ag(111), Cu(111), and Au(111)

1516–1517
– – SnPc/Ag(111) 1518
– – tetrahydrofuran/Cu(111) 1519
– performance criteria 811–812
– photo yields 1511, 1512, 1514
– sample 811
– sample preparation and measurements

1514–1515
– single-crystal Bragg reflections

1508–1509, 1510
– standing waves 1510–1511
– surface and interface science, application

1507
– UHV chamber, schematic view 1514–1515
– working principle 810
XSW. See X-ray standing wave (XSW)

y
yellow fluorescent protein (YFP) 850–851

z
Zeeman effect 509
zero-mode waveguide 1617
zero-phonon line (ZPL) 830


