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acetates 336, 394-395
 
acetontrile 306
 
acid-base scales 670-671
 
acids
 

aliphatic 392-402
 
aromatic 402-404
 

acyl derivatives 590
 
adduct ions
 

recognition 306
 
ionization techniqes producing 269,
 

272
 
in chemical ionization (CI) 451, 460
 
in desorption chemical ionization (DCI)
 

473
 
in electrospray ionization (ESI) 667
 
formation in DART inlet systems
 

245
 
in MALDI
 

as glass-storage-induced
 
contaminant 536
 

matrix-induced 525
 
multiple-charge 539
 
polymer analysis 551
 
in protein analysis 715
 

in negative-charge chemical ionization 
(NCI) 464
 

affinity capture via biotin 720, 736
 
affinity surfaces 540-541
 
AGC (automatic gain control) 86
 
alcohols
 

aliphatic 271, 368-372
 
aromatic 376-380
 

aldehydes 381 -392
 
aliphatic compounds 368-376
 

acids 392-402
 
alcohols 271, 368-372
 
aldehydes 383
 
amines 342-343, 405-414
 

esters 392-402
 
ethers 372-376
 

alkoxy radicals 400
 
alkyl halides 363-367
 
alkyl radicals 347-348
 
alkylsulfonates, as anion dopants in
 

oligosaccharide analysis 769
 
a-bond cleavage 334,386
 
AMDIS (Automated Mass Spectral
 

Deconvolution and Identification 
System) 435,622-629
 

amines, aliphatic 342-343,405-414
 
amino acids 693, 697
 

post-translational modifications 
712-734
 

residue masses 702-705
 
see also proteins, peptides
 

ammonia 413,415,461
 
ammonium ions 306, 665
 
analog-to-digital converters (ADC)
 

77-79
 
analysis, qualitative 184, 616
 
analyte
 

concentration 648,673-674 
identification from product-ion spectra 

208-219
 
in impure samples 324
 
loss 616-617
 
MALOI
 

matrix 521-525,522
 
solubility 537
 

molecular ion peak, identifying
 
302-306
 

non-volatile 8
 
pH 653,669-672 
purification and isolation, GC/MS 

587
 
reduction, atmospheric pressure
 

chemical ionization (APCI)
 
653-654
 

solvent clusters 308,494,668
 
speciation 256
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anions 
in electron transfer dissociation (ETD) 

181-182 
see also deprotonated molecules, 

negative-charge ions 
antibodies 540 
APCI see atmospheric pressure chemical 

ionization 
APPI (atmospheric pressure 

photoionization) 641, 654-659 
applications 27-43 

atmospheric pressure chemical 
ionization (APCI) 472,642 

atmospheric pressure photoionization 
(APPI) 658-659 

capillary electrophoresis (CE) 244 
carbohydrate analysis 769-772 
chemical ionization (CI) 474-477 
collisionally activated dissociation 

(CAD) 198, 469 
desorption chemical ionization (DCI) 

236-237 
desorption electrospray ionization
 

(DESI) 248, 497-498
 
direct analysis in real-time (DART)
 

245,246-247 
electron capture dissociation (ECD) 

751-752,769 
electron capture negative ionization 

(ECNI) 468 
electron detachment dissociation (EDD) 

769 
electrospray ionization (ESI) 487, 490, 

500-505,675,676 
oligonucleotide analysis 764 
protein analysis 744, 753, 756-757 

Fourier transform mass spectrometry 
(FTMS) 127-128,753
 

GC/MS 631 -632
 
high-performance liquid
 

chromatography (HPLC) 764
 
inductively coupled plasma mass
 

spectrometry (ICPMS) 255, 257 
ion mobility spectrometry (IMS) 130 
isotope-coded affinity tags (ICAT) 737 
liquid chromatography/mass 

spectrometry (LC/MS) 641,661, 
674-676 

MALDI 524, 534, 535, 547-548,
 
549-553
 
carbohydrates 769, 770
 

oligonucleotide sequencing 761, 
764 

mass spectrometry/mass spectrometry 
(MS/MS) 674,675 

proteomics techniques 759-760 
supercritical fluid 

chromatography/mass spectrometry 
(SFC/MS) 242 

Applied Biosystems 96,97, 183,496 
AQUA 741 
aromatic acids 402-404 
aromatics, nitrogen-containing 

414-419 
atmosphere (unit of pressure) 148 
atmospheric pressure chemical ionization 

(APCI) 220,451-452,641 
analyte concentration and m/z signal 

673-674 
analyte pH 669-672 
analyte reduction 653-654 
applications 472,642 
compared with electrospray ionization 

(ESI) 672-674
 
detection limits 245
 
fragmentation 471
 
GC/MS 471-472, 573
 
interface 650-654
 
negative ionization 651
 
protonation 651 -654
 

atmospheric pressure ionization (API) 
451,641, see also atmospheric 
pressure chemical ionization, 
atmospheric pressure photoionization, 
electrospray ionization 

atmospheric pressure matrix-assisted 
laser desorption/ionization (AP MALDI) 
533-535 

atmospheric pressure photoionization 
(APPI) 654-659 

atmospheric pressure solids analysis 
probe (ASAP) 249 

atomic mass, definition 273 
atomic mass unit (amu) definition 

4-6 
avidin 736, 739 

B 
b ions (Biemann nomenclature) 695, 

697,699,700,721-722 
recognition 701 -706 
structure 698 
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background 200,467,602-604,656
 
subtraction 618-622
 
see also noise
 

bar (unit of pressure) 148
 
basicity, gas-phase 458
 
batch inlets 233-238
 
Bayard-Alpert ionization pressure gauge
 

benzylic cleavage 358
 
BEqQ hybrid mass spectrometer
 

190-191
 
,B-cleavage 334,386,406,412
 
,B-elimination, of phosphate moieties
 

720-721
 
Biemann nomenclature 694, 698
 
Biller-Biemann algorithm 623
 
biomarkers 550
 
biopolymer analysis 691, see also amino
 

acids, proteins, peptides
 
biotin, as affinity tag 736
 
bleed, GC/MS 602-604,618
 
boundary-associated dissociation (BAD)
 

544-545
 
Brevetoxin B 473
 
bromine 279-281
 
Br;ensted acids and bases 460, 469
 
buffer gases 82-83,193
 
buffers, liquid chromatography/mass
 

spectrometry (LC/MS) signal 665
 

c 
c ions (Biemann nomenclature) 698
 
C-terminus, definition 693
 
C trap 106-107
 
CAD see collisionally activated
 

dissociation
 
calibration 131-135, 616
 

selected ion monitoring (SIM) 609,
 
611
 

capillary columns 90
 
capillary electrophoresis (CE) 24,
 

242-243,505,650
 
carbenium ions 349-350
 
carbohydrates
 

analytical considerations 765
 
data interpretation 767
 
MALDI matrices 523
 

carbon 278,282,287,290,349-350
 
isotopes 42
 

carbon filters 153
 

carrier gases, gas chromatography 575
 
CE (capillary electrophoresis) 24,
 

242-243,505,650
 
CEM (Channeltron single-channel electron 

multiplier) 140-142
 
Cerno Bioscience 630
 
channel electron multiplier array (CEMA)
 

144
 
charge ratio analysis method (CRAM) 

493
 
charge sites
 

aldehydes 381
 
aliphatic alcohols 368
 
aliphatic ethers 372
 
alkyl halides 363
 
aromatics containing nitrogen 415
 
heteroatoms 421-422
 
odd-electron ions 338
 
peptide fragment ions 698
 
unsaturated hydrocarbons 353-354
 

charge-exchange mass spectrometry 
470-471
 

charge-site-driven bond cleavage 
335-337,339,340,373,392 

chemical ionization (CI) 13-14,271-272
 
process overview 451-454
 
data interpretation 469-470
 
in GC/MS 573
 
and quadrupole ion traps (QI1) 91
 
reagent gases 455-457
 

pressure 451, 452
 
selective ionization 461
 
use complementary to electron
 

ionization 35-37
 
vacuum systems 591
 
see also atmospheric pressure
 

chemical ionization 
chemical reaction interface mass 

spectrometry (CRIMS) 231,252-253
 
chemistry mass scale 6
 
chirality 206, 242, 460, 505
 
chlorine 279-281, 366-367
 

see also adduct ions
 
chromatograms 575-576
 
chromatography 42-43
 

see also gas chromatography, liquid 
chromatography
 

Chromatoprobe 231,235-236
 
CI see chemical ionization
 
cold-spray ionization (CSI) 501
 
collision cells 176,177-178,187,
 

190-191
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collisionally activated dissociation (CAD) 
106-107,176,207,215-218 
process overview 180 
carbohydrates 766 
in-source 196-197 
ionization efficiency 195 
m/z vs. ion drift time 208 
protein sequencing 695, 698-699, 

701-708,712,714,744-752 
columns, GC/MS 577-578 
common-product-ion analysis see 

precursor-ion analysis 
conductance (C) (of gas flow) 149 
constant neutral-loss analysis 205-206 
contamination 289,307,324,360-361 

direct insertion probe (DIP) 234-235 
electrospray ionization (ESI) 499 
GC/MS 580, 585-586, 603-604, 

617-618
 
MALDI 537-538
 
vacuum pumps 157-158,161
 

continuous dynode (CD) 140-142 
CRAM (charge ratio analysis method) 

493 
CRIMS (chemical reaction interface mass 

spectrometry) 252-253 
cryogenic detectors 146 
CSI (cold-spray ionization) 501 
cyanylation 758 
cyclic ethers 381 
cyclohexane 351 
cysteine status 726 
cysteines 726-734, 758 

isotope-coded affinity tag (ICAl)
 
735-740
 

o 
d ions (Biemann nomenclature) 694 
D/I see desorption/ionization 
dalton (Da) definition 6 
Daly detector 145-146 
DAPCI (desorption atmospheric pressure 

chemical ionization) 249 
dark matter 8, 205-206, 305, 329, 337 

definition 271 
peptides 697 

DART (direct analysis in real-time) 
245-247 

data acquisition 

GC/MS 604-605 
quadrupole ion trap (all) 83 
time-of-flight mass spectrometers 

75-81 
data interpretation 

general considerations 270-272, 
310-311 

terminology 271 
chemical ionization (CI) 469-470 
electron ionization (EI) 321 -328 
electrospray ionization (ESI) 

490-493 
mass spectrometry/mass spectrometry 

(MS/MS) 208-219
 
oligonucleotides 763-764
 
overlapping spectra 291-292
 

data-dependent acquisition (DDA) 199 
databases 212,213,218-219,219, 

433-443,438 
multiple 440 
proteins 710, 711-712 
size and quality 434, 440-441 

DCI (desorption chemical ionization) 
453,474 

DDA (data-dependent acquisition) 
199 

DE (delayed extraction) 66,545-546 
decade, definition 605 
deconvolution 622-630,753 
DEI (direct electron ionization) 472 
delayed extraction (DE) 66, 545-546 
deprotonated molecules 269, 272, 

464-469
 
recognition 306
 
ketones and aldehydes 381
 

derivatization 422-428, 429-433, 494, 
587-590 
aliphatic acids and esters 392 
oligonucleotides 760-761 
oligosaccharides 767 
proteins 726, 729-730 

DESI (desorption electrospray ionization) 
247-248,496-498 

desorption, thermal, GC/MS 632 
desorption atmospheric pressure 

chemical ionization (DAPCI) 249 
desorption chemical ionization (DCI) 

453,472-474 
desorption chemical ionization probe 

236 
desorption electrospray ionization (DESI) 

247-248,496-498 

desorption 
546-54~ 

desorption, 
see also 

atom 
laser, 

detection Ii 
596 

detectors 
diagnostic 
dialkyl phtt 
diazometh; 
differential 
2,5-dihydr< 
DIOSsee c 
dioxin 18 
DIP (direct 
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desorption ionization on silicon (DIOS)
 
546-547
 

desorption/ionization (D/I) 15
 
see also electrospray ionization; fast 

atom bombardment; matrix-assisted 
laser desorption/ionization 

detection limits 204, 245, 254-255, 466,
 

detectors 136-146
 
diagnostic tests (clinical) 42
 
dialkyl phthalates 617
 
diazomethane 588-589
 
differential pumping 149
 
2,5-dihydroxybenzoic acid 524,530,531
 
DIOS see desorption ionization on silicon
 
dioxin 184
 
DIP (direct inlet probe) 231, 233-235
 
direct analysis in real-time (DART)
 

245-247
 
direct electron ionization (DEI) 472
 
direct exposure probes 236
 
direct inlet, liquid chromatography/mass
 

spectrometry (LC/MS) 642-643
 
direct inlet probe (DIP) 231, 233-235
 
distonic ions 206
 
disulfide bonds 527, 726-734
 
disulfide scrambling 729
 
DNA
 

collisionally activated dissociation
 
(CAD) mass spectra 763
 

see also oligonucleotides
 
dopants, atmospheric pressure
 

photoionization (APPI) 655-656, 656
 
double bonds 429-433, 590
 
double-focussing magnetic-sector
 

instruments 191, 297
 
drugs, illicit 245, 421 -422, 665-666
 
Dursban (pesticide) 474-475
 

E 
ECD (electron capture dissociation) 181 ,
 

749-752
 
ECNI see electron capture negative
 

ionization
 
EDD (electron detachment dissociation)
 

730, 751
 
EE (even-electron) ions 209, 311, 405
 
effluent diverters, GC/MS 594
 
EI see electron ionization
 

fragmentation mechanisms
 
gamma-H shift in EI 337
 

heterolytic cleavage in EI 335
 
homolytic cleavage in EI 333
 
McLafferty rearrangement 337
 
Sigma-bond cleavage in EI 330
 

EIC (extracted ion current) 24
 
einzellenses 59-61
 
electro-optical ion detector (EOID)
 

144-145
 
electro-osmotic flow 243
 
electron beam, electron ionization (EI)
 

318-319
 
electron capture dissociation (ECD) 181,
 

749-752
 
electron capture negative ionization
 

(ECNI) 14, 453,465-469,475,477
 
and negative chemical ionization (NCI)
 

464
 
see also negative chemical
 

ionization (NCI)
 
electron detachment dissociation (EDD)
 

730,751,769
 
electron ionization (EI) 13, 271, 272
 

conceptual overview 7
 
process overview 317-320
 
data interpretation 297-299,
 

321-328
 
disadvantages 474
 
electron beam 318-319
 
electron orbitals 322-323
 
fragmentation patterns 326, 328-433,
 

see also fragmentation pathways
 
in GC/MS 575
 
ionization efficiency 318-320, 319
 
ionization energies 322-325
 
liquid chromatography/mass
 

spectrometry (LC/MS) 661
 
of reagent gas in chemical ionization
 

(CI) 455
 
similarities with product-ion mass
 

spectra 214
 
source filament 317-318, 319-320
 
vacuum systems 591
 

electron multipliers (EM) 137-138,
 
139-142,528
 

electron orbitals, electron ionization (EI)
 
322-323
 

electron pairs 333, 335
 
electron transfer dissociation (ETD) 98,
 

181-184,752 
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electrons, mass 304 
electrophoresis, gel 539-540 
electrophoretic inlets 242-244, 505 
electrosonic spray ionization (ESSI) 700 
electrospray ionization (ESI) 16-17,672, 

691,745 
operating principles 487-490, 491 
adduct formation 667 
amino acid sequencing 727 
and atmospheric pressure chemical 

ionization (APCI) 451-452, 
672-674 

in Fourier transform mass spectrometry 
(FTMS) 493
 

interfaces 244,247-248
 
isotope peaks 494
 
in liquid chromatography/mass
 

spectrometry (LC/MS) 641, 
647-650
 

micro- and nano- 494-496, 666
 
negative-ion 490
 

electrostatic repulsion-hydrophilic 
interaction chromatography (ERLlC) 
718 

electrothermal vaporization 255 
elemental analysis 37-39, 253, 255, 273 

by isotope peak patterns 276-292 
elemental speciation 256 
EM see electron multipliers 
enzyme digestion 715-716 
equipotential lenses 59-61 
ESI see electrospray ionization 
esters 

aliphatic 392-402
 
aromatic 402-404
 
methyl 400-402, 588-589
 

ETO (electron transfer dissociation) 
181-184,752 

ethanol 306 
ethers 

aliphatic 372-376 
cyclic 381 

ethyl radicals 412 
even-electron (EE) ions 209, 311,405 
Even-Electron Rule 311 
explosives 246, 248, 498 
extracted ion current (EIC) 24 

F 
FAIMS (field-asymmetric ion mobility 

spectrometry) 129-130 
Faraday cup 138-139 
fast atom bombardment (FAB) 250-251, 

474,521,646-647 
fatty acids 396, 401, 429-433 

MALOI 552 
polyunsaturated 432 

Fellgett advantage 125 
field-asymmetric ion mobility 

spectrometry (FAIMS) 129-130 
filament 

chemical ionization (CI) 454 
electron ionization (EI) source 

317-318,318,319-320 
folding 542, 756-758 
fore pumps 152-156 
formate 306 
formic acid 306 
forward geometry 179 
Fourier transform (FT) 106, 122-123 
Fourier transform mass spectrometry 

(FTMS) 122-128,147,192,493,749 
fragment ion, definition 22 
fragment ions, electron ionization (EI) 

328 
fragmentation 

charge-exchange mass spectrometry 
471 

chemical ionization (CI) 460, 461 -463 
electron ionization (EI) 329-344 
MALOI 522, 525, 528, 531, 

544-545 
selected ion monitoring (SIM) 

609-610 
types 329-344 

fragmentation mechanisms 
b-ion formation from protonated 

peptide 702 
gamma-H shift in EI 337
 
heterolytic cleavage in EI 335
 
homolytic cleavage in EI 333
 
McLafferty rearrangement 337
 
Sigma-bond cleavage in EI 330
 
v-ion formation from protonated
 

peptide 701 
fragmentation pathways 34, 271 

aldehydes 383, 384 
aliphatic acids and esters 392-402 
aliphatic alcohols 368-372 
aliphatic amines and alcohols 

406-414
 
aliphatic ethers 372-376
 

alkyl hal 
aromatic 
aromatic 
aromatic 
carbohy 
c1enbutE 
cyclic e1 
fattyaci 
ketones 
peptide: 
proteins 
trimethy 

fringe field 
FTICR-MS 

specton 
FTMSsee 

specton 
functional, 

derivati. 
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gas chrom 

573 
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alkyl halides 364-367
 
aromatic alcohols 376-380
 
aromatic hydrocarbons 355-363
 
aromatic ketones 388
 
carbohydrates 766-769
 
clenbuterol 215-216
 
cyclic ethers 381, 382
 
fatty acids 429-433
 
ketones 388-392
 
peptides 694, 695-700
 
proteins 745-748,749-752
 
trimethylsilyl derivatives 423-427
 

fringe fields in quadrupoles 57
 
FTICR-MS see Fourier transform mass
 

spectometry
 
FTMS see Fourier transform mass
 

spectometry
 
functional groups 334
 

derivatization of 587-590
 
elimination, chemical ionization (CI)
 

462
 

G 
y-cleavage 386,388 
gas chromatography (GC) 13, 14, 396,
 

573
 
operating principles 575-582
 

gas chromatography/mass spectrometry
 
(GC/MS) 13-15, 14, 29-31, 307-308,
 
422, 452-453
 
atmospheric pressure chemical
 

ionization (APCI) 471-472
 
atmospheric pressure photoionizaion
 

(APPI) 659
 
history 573-575
 
instrument requirements 590-593
 
interfaces 593-596, 599
 
ionization techniques 573
 
sources of error 616
 
special techniques 631
 

gas-phase basicity 458
 
GC see gas chromatography
 
GC/MS see gas chromatography/mass
 

spectrometry
 
GC/MS ChemStation software 440
 
gels 539-540,541-542
 
glass sample containers 536, 586
 
GLC (gas-liquid chromatography)
 

576
 
glycans 765
 
glycopeptides 724
 

glycoproteins, analysis 769
 
glycosylation sites, proteins 723-724
 

H 
Hadamard transform 80-81
 
half-Cn rule 346
 
haloalkanes 363-367
 
HD Technologies 103
 
HDX see hydrogen/deuterium exchange
 
heated reservoir inlets 232-233
 
height equivalent to a theoretical plate
 

(HETP) 578
 
helium
 

as buffer gas 193
 
as carrier gas 578-579, 580
 
and vacuum pump specifications 157
 

helium ions 80
 
heteroatoms, multiple 421 -422
 
heterocyclic compounds containing
 

nitrogen 419
 
heterolytic bond cleavage 335-337,
 

339,340,373,392
 
high-mass discrimination 112-113
 
high-performance liquid chromatography
 

(HPLC) 16, 256, 648-649, 715
 
homolytic bond cleavage 333-334,
 

386
 
HPLC see high-performance liquid
 

chromatography
 
hybrid mass spectrometers 188-189,
 

190-191,206-207,526
 
hydride abstraction products 269
 
hydride-shift rearrangements 342-344,
 

413
 
hydrocarbons
 

aromatic 355-363
 
branched 348-351
 
cyclic 351 -353
 
fragmentation 345-363
 
saturated 345-353
 

branch points 350
 
straight-chain 345-348
 
vacuum pump contamination 158
 

hydrogen 277
 
as carrier gas in gas chromatography
 

578-579
 
radicals 411,412,415
 

hydrogen-shift fragmentation 338-342,
 
351-352,371,398-400
 

hydrogen/deuterium exchange (HDX) 
542,757-758 
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ICAT 735-740 
ICPMS (inductively coupled plasma mass 

spectrometry) 253-257,500 
ICR (ion cyclotron resonance) 122-128, 

147,493,526,744 
immobilized metal affinity 

chromatography 718 
immonium ion mass (ImmMass) 693 
immonium ions 409, 411, 694, 697, 707, 

721 
in-beam ionization 453,474 
in-source collisionally activated 

dissociation (CAD) 196-197 
inductively coupled plasma mass 

spectrometry (ICPMS) 253-257,500 
information-dependent acquisition 199 
injection ports, GC/MS 582-585 
inlet systems 

batch 232-238
 
continuous 239-244
 
GC/MS 596-597,599
 
ionization 244-249
 
speciality 249
 

inorganic compounds 487 
inorganic ions 500 
integrating transient recorder (ITR) 79, 

606,613 
interfaces, GC/MS 596-597,599 
interference, spectral 668 
internal standards, liquid 

chromatography/mass spectrometry 
(LC/MS) 663 

ion cyclotron resonance (ICR) 122-128, 
147,493,526,744 

ion detectors 136-147 
ion funnels 58-59, 533 
ion guides 56-61 
ion lenses 59-61, 533 
ion loss 73,107,120,190,533,605 
ion microscopes 547 
ion mirrors 69, 73, 543-544 
ion mobility spectrometry (IMS) 128-131 
ion pairing, liquid chromatography/mass 

spectrometry (LC/MS) 663-665 
ion series, definition 327 
ion source 

electron ionization (EI) 317-320 
chemical ionization (CI) 452,454 

contamination 603-604 
ion trajectory, transmission quadrupole 

(QMF) 109-110 
ionization efficiency 

atmospheric pressure chemical 
ionization (APCI) 471 

collisionally activated dissociation 
(CAD) 195 

electron ionization (EI) 318-320,319 
MALDI 525-526 

ionization techniques 7-8 
APCI see atmospheric pressure 

chemical ionization 
CI see chemical ionization 

desorption electrospray ionization 
(DESI) 247-248,496-498 
EI see electron ionization 
ESI see electrospray ionization 
inductively coupled plasma ionization 

(ICP) 253-257 
ions 

definition 271 
fragmentation pathways 34,271 
high m/z value 282, 295-297 
high mass 143, 304 
metastable 177 
molecular see molecular ions, 

protonated molecules 
monoisotopic 297 
multiple-charge 204, 304, 539, 647 
negative see deprotonated molecules; 

negative-charge ions 
isomers 28-29, 289, 309, 433, 466 

amino acids 694 
aromatic alcohols 378-380 
aromatic hydrocarbons 358-359, 360 
cysteinyl peptides 726 
glycosides 771 

isotope labelling 380,425-427,442, 
609-612 
amino acids 742 
in medical studies 42 
proteins 735-740, 741 

isotope-coded affinity tag (ICAT) 
735-740 

isotopes 252, 276-292 
carbon 42 
column bleed 604 
in electrospray ionization (ESI) 494 
MALDI 527, 529 
in mass spectrometry/mass 
spectrometry (MS/MS) 220 

ITR see int 
iTRAO 7, 

ketones 
kinetics ! 
Knudsen f 

ladder sec 
laser freql. 
lasers 2~ 

LC/MSsel 
spectra 

library sea 
see alse 

LIFT - not 
at end e 

endc 
limits ofdl 

254-2~ 

linear qual 
linear time 

63,68 
liquid chrc 
liquid chrc 

spectra 
307-3C 
applica 
atmos~ 
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history 
interfac 
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ITR see integrating transient recorder
 
iTRAO 743
 

K 
ketones 381-392
 
kinetics 502
 
Knudsen flow 148
 

L 
ladder sequencing, peptides 707-708
 
laser frequency, MALOI 533
 
lasers 255, 521, 525-526, 528
 
LC/MS see liquid chromatography/mass
 

spectrometry
 
library searches 435, 616
 

see also databases
 
LIFT - not a proper term; see commentary
 

at end of the list of abbreviations at
 
end of book
 

limits of detection (LOO) 204, 245,
 
254-255,466,596
 

linear quadrupole ion trap (L1l) 97-103
 
linear time-of-flight instruments 62-68,
 

63,68
 
liquid chromatography (LC) 505, 553
 
liquid chromatography/mass
 

spectrometry (LC/MS) 16, 297,
 
307-308,553
 
applications 721
 
atmospheric pressure chemical
 

ionization (APCI) 471
 
electron ionization (EI) 661
 
history 642-647
 
interfaces 642-661
 

see also electrospray ionization; 
atmospheric pressure chemical 
ionization; atmospheric pressure 
photoionization 

liquid secondary ion mass spectrometry 
(LSIMS) 250-251, 646
 

LIT (linear quadrupole ion trap) 97-103
 
low-mass limit 94, 193-194
 
LSIMS (liquid secondary ion mass
 

spectrometry) 250-251,646
 
lysine 724
 

M 
m/z analyzers 55, 61-62
 

3D OIT 84-95
 
FTMS, see Fourier transform MS
 

ion cyclotron resonance, see ICR 
linear quadrupole ion trap (L1l) 

97-103
 
magnetic-sector
 

single-focussing 116-118
 
double-focussing 118-122
 

orbitrap 103-107
 
quadrupole ion trap (OIl) 82-95
 
time-of-flight (TOF) 55, 62-81
 
transmission quadrupole (OMF)
 

108-115
 
m/z peaks
 

nominal 276
 
normalization 279, 285
 

m/z scale
 
calibration 131-135, 525, 616
 
definition 4
 

m/z value
 
high 647
 
metastable ions 179
 
relationship between charge state and
 

mass in electrospray ionization (ESI) 
492
 

relationship to oscillating frequency in
 
ICR 124
 

relationship to time-of-flight 65
 
McLafferty rearrangements 339,
 

392-393,417
 
magnetic-sector instruments 115-122,
 

191,297,613
 
MALOESI (matrix-assisted laser 

desorption electrospray ionization) 
248,498 

MALOI see matrix-assisted laser 
desorption/ionization 

mass
 
atomic, definition 273
 
monoisotopic, definition 273-274
 
nominal, definition 273
 

mass analyzers see m/z analyzers
 
mass chromatograms 501
 
mass defect 274,275,303,616
 
mass discrimination 57,112-113
 
mass mapping
 

disulfide bonds 727-730
 
MALOI 524
 
peptides 709-712
 

Mass Spec Calculator Pro 440
 
mass spectra, interpretation see data
 

interpretation
 
mass spectrometer, conceptual
 

illustration 2,56
 



Index812 Index 

mass spectrometry 
applications 12, 27-42, see also 

applications 
concept 3,4 
history 9-22, 44-49, 61-62, 64, 175 
state of art 44 

mass spectrometry/mass spectrometry 
(MS/MS) 16, 175-220 
linear quadrupole ion trap (LIT) 99 
process 174 
species of spectra 178 
tandem-in-space 186-191 

mass spectroscopy 9-10 
mass-coded abundance tagging 

740-743 
mass-to-charge ratio see m/z 
MassFinder software 630 
MassWorks software 630 
matrix solutions, MALOI 535 
matrix-assisted laser desorption 

electrospray ionization (MALOESI)
 
248,498
 

matrix-assisted laser desorption/ionization 
(MALOI) 15, 39-41 
amino acid sequencing 727 
high-pressure and atmospheric 

pressure 533-535
 
history 521
 
operating principles
 

ionization process 529-533 
laser and m/z analyzer 525-529 
matrix 521-525 

protein phosphorylation 715-717 
MCAT 740 
mechanisms 

b-ion formation from protonated 
peptide 702
 

gamma-H shift in EI 337
 
heterolytic cleavage in EI 335
 
homolytic cleavage in EI 333
 
McLafferty rearrangement 337
 
Sigma-bond cleavage in EI 330
 
y-ion formation from protonated
 

peptide 701 
membrane introduction mass 

spectrometry (MIMS) 239-240 
metal surfaces, GC/MS 599-600 
metalloproteins 756 
metastable ion decay see post-source 

decay 
metastable ions 177, 179-180 
methane 669 

methanol 306 
methyl esters 396 

preparation 588-589 
methyl radicals 347,412 
methylamine, in cleavage for 

cyanylation-based mass disulfide 
mapping 730 

methylene groups 346-347 
microbes 505, 549-550, 760 
microelectrospray ionization 494-496, 

666 
MIMS (membrane introduction mass 

spectrometry) 239-240 
mist eliminators 153 
mixtures 43,324-325,547,623-626 

atmospheric pressure photoionization 
(APP!) 657 

gas chromatography/mass 
spectrometry (GC/MS) 573 

MALOI sample preparation 536 
proteins 700,739 

mobile phase 
gas chromatography (GC) 575, 579 
high-performance liquid 

chromatography (HPLC) 661 
liquid chromatography/mass 

spectrometry (LC/MS) 669 
molecular flow, definition 148 
molecular ion 13, 269, 304-305, 356 

definition 22
 
. fragmentation 28, see also
 

fragmentation pathways
 
odd m/z value see Nitrogen Rule
 
peaks 304-305
 

labelling 475 
mass defect 274 
aliphatic acids and esters 392 
aliphatic alcohols 368 
aliphatic amines 406 
alkyl halides 364 
aromatic alcohols 380 
aromatic hydrocarbons 360 
aromatics containing nitrogen 414 
fatty acids 401 
heterocyclic compounds containing 

nitrogen 419 
hydrocarbons 351 

presence in electron ionization (EI) 
spectra 323-324 

preservation in supersonic molecular 
beam gas chromatography/mass 
spectrometry (GC/MS) 595 

protein 
see als1 

molecule, 
monoisotl 
monoisott 
MOWSE! 
MS/MSSl 

Specto 
MS1, defi 
MS2, defi 
Msn 189, 

see als 
spec 

Multinomi 
Profile
(MASP 

multiple n 
selecte 

multiple-c 
539, 

N-termim 
nanoelecl 

666 
negative c 

464-41 
see als 

negative-, 
acid-b, 
atmosl 

ioni. 
cysteir 
detecti 
electro 
see als 

neutral 10 
305,3: 
fromp 
spect~ 

Neutral L 
Searct 

Nier-Johr 
121 

NIST Is01 
210,2 

NISTMa: 
439-4 

NISTMa: 
210-2 
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proteins 742
 
see also protonated molecules
 

molecule, definition 271
 
monoisotopic ions 297
 
monoisotopic mass, definition 273
 
MOWSE score 711
 
MS/MS see Mass Spectometry/Mass
 

Spectometry
 
MS1, definition 176
 
MS2, definition 176
 
Msn 189, 192, 193
 

see also mass spectrometry/mass 
spectrometry 

Multinomial Algorithm for a Spectral
 
Profile-Based Intensity Comparison
 
(MASPIC) 711
 

multiple reaction monitoring (MRM) see
 
selected reaction monitoring
 

multiple-charge ions 204, 304, 491, 492,
 
539,647
 

N 
N-terminus, definition 693
 
nanoelectrospray ionization 494-496,
 

666
 
negative chemical ionization (NCI) 453,
 

464-465
 
see also ECNI
 

negative-charge ions 269, 272
 
acid-base scale 671
 
atmospheric pressure chemical
 

ionization (APCI) 651
 
cysteine-containing peptides 730
 
detection 142-143
 
electrospray ionization (ESI) 501-502
 
see also deprotonated molecules, NCI
 

neutral loss (dark matter) 8, 205-206,
 
305,329
 
from peptides 697
 
spectra 178
 

Neutral Loss Search function, NIST MS
 
Search Program 439
 

Nier-Johnson mass spectrometer 120,
 
121
 

NIST Isotope/Formula Calculator 209,
 
210,213,216
 

NIST Mass Spectral Interpreter Program
 
439-440
 

NIST Mass Spectral Search Program
 
210-213,211,435-442,620-622
 

file formats and conversion 434, 630
 
formula search function 298, 299
 

NIST number 442
 
NIST product-ion spectra database 218
 
NIST05 Mass Spectral Database 386,
 

433,434,438,620-622
 
data quality 441
 
database structure 212
 
formula searches 213, 298
 
library searches 367, 433, 434
 

nitration, proteins 735
 
nitro compounds 419
 
nitrogen 406
 

compounds containing 405-420, see
 
also Nitrogen Rule
 

Nitrogen Rule 275-276
 
applied 31, 33, 34, 37-38, 210, 216,
 

296,323,401,405
 
noise 77,307,619-620,748
 

GC/MS 593
 
nominal m/z peak, definition 276
 
nominal mass 273,529
 
noncovalent interactions 504, 534, 549,
 

753-756
 
nonvolatile compounds 8, 236-238,
 

250,641
 
normalization of spectral peaks 279,
 

285, 743
 
normetanephrine (NMN) 32, 607-612
 

o 
oaTOF (orthogonal acceleration 

time-of-flight instruments) 70,74 
odd-electron (OE) ions 209,329,338, 

340,354,373,386 
peaks 393,394-396 

oligoalanines 695
 
oligonucleotides 504
 

analytical considerations 760-761
 
data interpretation 763-764
 
quantitation, MALDI 552
 
sequencing, nomenclature 761-763
 

oligopeptides 521
 
oligosaccharide antibiotics 766
 
orbitrap 103-107
 
ortho effect 360,377,402,403,415
 
orthogonal acceleration (oaTOF)
 

instruments 74
 
OSCAR algorithm 767
 
oxime derivatives 589
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oxonium ions 372 
oxygen 288, 406 

compounds containing 368-404 
isotope peaks 283-284 

p 

PAD 143 
PAGE 242 
Palisade Complete Mass Spectral Library 

433,441 
particle beam interface (PB) 659-661 
parts per million (ppm) definition 294 
pascal (Pa) definition 148 
Paul trap see quadrupole ion trap 
PB (particle beam interface) 659-661 
PDPA (phase-Doppler particle analysis) 

488-489 
peaks, definition 23-24 
Penning ionization 151-152, 245 
pentafluoropropionic (PFP) groups 32 
peptide sequencing 701-712 
peptides 39-41,204-205,498,504 

high-charge states 699
 
ladder sequencing 707-708
 
MALDI 523, 534, 549
 
mass mapping 709-712
 
molecular mass 693
 
Pro-containing 697
 
quantitation 552, 735-743
 
sample preparation, MALDI 539
 
sequencing 544, 701 -708
 

collisionally activated dissociation 
(CAD) 701-708 

synthetic 741 
perfluorinated compounds, use in EI m/z 

scale calibration 132 
performic acid 720 
Perkin Elmer 435 
pesticides 474-477 
PFP groups 32 
pH 

atmospheric pressure chemical
 
ionization (APCI) efficiency
 
669-672 

proteases 729 
sample solution, electrospray ionization 

(ESI) 500, 501 
see also proton affinity 

phase-Doppler particle analysis (PDPA) 
488-489 

phenyl rings 289 
phosphates, carbohydrates 768 
phosphopeptides, capture and detection 

718 
phosphorylation 39-41 

sites 714, 719-722 
photodissociation 524 
photofragmentation 531 
photons 654 
phthalates 307-308 
plasticizers 289, 585-586, 617-618 
plug flow 242, 243 
polyacrylamide gel electrophoresis 

(PAGE) 242 
polyesters 504 
polymer-modified surfaces, MALOI 

538-540 
positive ions 

acid-base scale 670 
see also molecular ions, protonated 

molecules 
positive-ion formation see protonation 
post-acceleration detector (PAD) 143 
post-source decay (PSD) 542-544,550, 

698-699, 730 
post-translational modifications, amino 

acids 712- 734 
potassium 302, 306 
ppm (parts per million) definition 294 
precipitation, liquid chromatography/mass 

spectrometry (LC/MS) 668-672 
precursor ions 178, 191, 495, 503, 543 

analysis 185, 204 
charge states 180 

pressure gauges 150-152 
pressures, operating see vacuum systems 
PROCLAME software 713 
product ions 178, 185, 191, 193, 543 

spectra 209-213 
databases 218-219 
proteins 746-748 
similarities with electron ionization 

(EI) mass spectra 214 
product-ion analysis 208-219 
ProFound 711 
propyl radicals 412 
proteins 39-41, 182, 204-205, 489, 

498,504
 
terminology 693-694
 
analysis, overview 691-692
 
cysteine status 726-734
 
digestion 735
 

folding 
glycos~ 

MALOI 
sam 
sam 

5, 
phospl 

site~ 

quantit 
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proton afi 
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protonate 

457,6! 
recogr 
high m 
peaks 

elec 
ic 

elen 
labe 
pep 

peptid 
stabilit 
in elec 
in MAl 
see a/~ 

protonatio 
atmosl 

ioni: 
atmos 

(AP 
electrc 
MALO 
peptid 
see a/~ 

protons, 
PSOsee 
PTM (pOl 

712-7 
PTRMS( 

spectr 
pulsed io 
pumps 

high v, 
low va 
speed 

purge an 
pyrolysis 

238 



Index 815 

folding and unfolding 756-760
 
glycosylation 723-724
 
MALDI 537, 549, 550-551
 

sample preparation 536
 
sample surfaces 539-540,
 

540-541
 
phosphorylation 717
 

sites 714-722
 
quantitation 735-743
 
ubiquinated 734
 

proteomics 693, 698
 
proton affinity 457-460, 653
 

see also pH
 
protonated molecules 269, 272, 455,
 

457,654-655
 
recognition 305-306
 
high mass 304
 
peaks
 

electron ionization (EI) and chemical 
ionization (CI) compared 36, 37
 

elemental analysis 209
 
labelling 475
 
peptides 702
 

peptides 694,695-696
 
stability 463
 
in electron ionization (EI) 372
 
in MALDI 526-527,528
 
see also molecular ions
 

protonation 455, 457-463
 
atmospheric pressure chemical
 

ionization (APCI) 651-653,672
 
atmospheric pressure photoionization
 

(APPI) 654-656
 
electrospray ionization (ESI) 500
 
MALDI 531-532
 
peptides 696-697
 
see also protonated molecules
 

protons, mass 304
 
PSD see post-source decay
 
PTM (post-translational modifications)
 

712-734
 
PTRMS (proton transfer reaction mass 

spectrometry) 250
 
pulsed ion extraction 545-546
 
pumps
 

high vacuum 156-162, 579-580
 
low vacuum 153-156
 
speed 149
 

purge and trap 631
 
pyrolysis mass spectrometry (Py-MS)
 

Q 

Q-TOF (quadrupole-time-of-fJight hybrid 
instruments) 188
 

QMF see transmission quadrupole
 
quadrupole ion trap (QIT) 55, 82-95, 95,
 

372
 
principle of operation 92-93
 
electron capture dissociation (ECD)
 

181
 
electron transfer dissociation (ETD) 

181
 
high m/z value ions 295
 
and inductively coupled plasma mass
 

spectrometry (ICPMS) 254
 
operational cycle 85, 88-89
 
performance limitations 115
 
tandem-in-time mass spectrometry
 

192, 193, 195
 
quadrupole mass filters 108-115
 
qualitative analysis 184
 

sources of error 616
 
quantitation
 

oligonucleotides 552
 
peptides and proteins 552, 735-743
 
selected ion monitorin (SIM) 609-613
 
sources of error 616-617
 

Quantitative Deconvolution Software for
 
Mass Spectrometry 629-630
 

R 
radical sites
 

aliphatic alcohols 368
 
aliphatic amines 405
 
aliphatic ethers 372
 
alkyl halides 363
 
aromatics containing nitrogen 415
 
heteroatoms 421-422
 
ketones 390
 
odd-electron ions 338
 

radical-site-driven bond cleavage 
333-334
 

radicals, definition 271
 
"reactive" desorption electrospray
 

ionization (DESI) 248, 498
 
reagent gases 469,475,477
 

charge-exchange mass spectrometry
 
470
 

chemical ionization (CI) 452, 455-457
 238 
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reagent ions 452, 455-457 
rearrangement fragmentation 337-344, 

362 
hydride-shift 342-344,413 
hydrogen-shift 338-342, 351-352, 

371,398-400 
ketones 386 

reconstructed total ion current (RTIC) 
profile 23, 592 

reduction, analytes, atmospheric pressure 
chemical ionization 653-654 

reduction conditions, cystine-containing 
proteins 731-732 

reflectron 69-74, 245 
in MALOI 527, 528, 543-544 

residue mass (ResMass) 693, 702-705 
resistance (R) (of gas flow) 149 
resolution 101 

definition 25 
Fourier transform mass spectrometry 

(FrMS) 125
 
MALOI 545-546,547-548
 
quadrupole ion trap (OIT) 83
 
see also resolving power
 

resolving power 25-27,26,83,136-137 
definition 25 
high mlz value ions 295 
importance in elemental analysis 

293-295 
Fourier transform mass spectrometry 

(FTMS) 125, 126 
linear time-of-flight instruments 

65-67,529 
magnetic-sector, double-focussing 

instruments 118-119
 
orbitraps 107
 
orthogonal acceleration (oa TOF)
 

instruments 74
 
reflectron instruments 73
 
see also resolution
 

resonance electron capture ionization 14 
reTOF see reflectron 
reverse geometry 120, 179 
rings-plus-double-bonds calculation 284 
RNA 712,763 

see also oligonucleotides 
Roepstorff nomenclature 694 
rounding errors 616 
RTIC (reconstructed total ion current) 

592,622 
rubidium 500 

s
 
S-score 711 
SIN (signal-to-noise ratio) 77, see also 

background; noise 
safety 153 
sample handling, GC/MS 585-586 
sample introduction 30 OIT 88-90 
sample matrix, MALOI 521-525,522, 

531 
sample plates, MALOI 537,538-540 
sample preparation, MALOI 531, 

535-542 
sample purity 

MALOI 537 
on-probe, MALOI 538 
see also contamination 

sample storage 
GC/MS 585-586 
MALOI 536 

SAMs 538-540 
Scoring Algorithm for Spectral Analysis 

(SALSA) 711 
secondary ion mass spectrometry (SIMS) 

250, 521 
segmented scan function 85, 88-89 
selected ion flow tube mass spectrometry 

(SIFTMS) 249-250 
selected ion monitoring (SIM) 95, 112, 

121,179,593,606-615 
compared with SRM 199-203 
contamination 617 
programmable 614-615 

selected reaction monitoring (SRM) 177, 
178-179, 668 
compared with selected ion monitoring 

(SIM) 199-203 
self-CI problem 89-90 
sensitivity 

atmospheric pressure photoionization 
(APPI) 659
 

electrospray ionization (ESI) 493
 
GC/MS 596
 
ion detectors, characterization
 

136-137 
selected ion monitoring (SIM) 614 
selected reaction monitoring (SRM) 

204 
separators, molecular, in GC/MS 

597-599 
septa, GC/MS 583-584 
sequence tagging 710 

sequencir 
Sequest ~ 

SESI (sec 
502 

SFC (sup, 
240-2, 

sidechain 
u-bond c 

347-3, 
signal stn 

(ESI) 
signal sUI 
signal-to

atmosl 
(API 

signal-to
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SILAC i 
silicon, pi 
silylation 
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sequencing peptides 701-712
 
Sequest software 710, 735
 
SESI (secondary electrospray ionization)
 

502
 
SFC (supercritical fluid chromatography)
 

240-242,675
 
sidechain mass (SCMass) 693
 
u-bond cleavage 330-333, 345,
 

347-348,387 
signal strength, electrospray ionization 

(ESI) 648
 
signal suppression 657-658, 662-666
 
signal-to-background 200, 467
 

atmospheric pressure photoionization
 
(APPI) 656
 

signal-to-noise ratio 77, see also
 
background; noise
 

SILAC 741
 
silicon, porous (pSi) 546
 
silylation 422-427,588
 

of GC/MS interface components 
599-600
 

SIM see selected ion monitoring
 
SIMS (secondary ion mass spectrometry)
 

250,521
 
small molecules 551-552
 
sodium 306
 
soft ionization 197-198, 271-272,
 

305-306
 
see also electrospray ionization (ESI)
 

MALDI
 
software 209-219, 433-442, 710,
 

711 - 712, 713
 
solvents 654-655
 

clustering 308, 494, 668
 
electrospray ionization (ESI) 488, 489,
 

665-667
 
liquid chromatography/mass
 

spectrometry (LC/MS) 641 ,
 
668-669
 

space-charge effect 86
 
spectral interference 668
 
spectral skewing 67,113-114
 

differences by manufacturer and
 
instrument type 622
 

GC/MS 601 -602
 
SpectralWorks 629
 
SRM see selected reaction monitoring
 
stability diagram, transmission quadrupole
 

(QMF) 110, 111
 
Stable Isotope Labelling with Amino acids
 

in Cell culture (SILAC) 741
 

stationary phase, gas chromatography 
(GC) 576-577
 

Stevenson Rule 347
 
stretched geometry 85-86
 
substructure identification 209-213,
 

215-218
 
sulfation sites, proteins 722-723
 
sulfur 297-298, 301-302
 

see also disulfide bonds 
supercritical fluid chromatography (SFC) 

240-242,675 
surface ionization 453,474 
synthesis/degradation ratio mass 

spectrometry 740-741
 
synthetic polymers 537,550-551
 
syringe technique 583-585
 
system compromise 668-674
 

T 
T-wave devices 207
 
TAD (time-array detection) 605-606
 
tandem mass spectrometry see mass
 

spectrometry/mass spectrometry 
tandem-in-space mass
 

spectrometry/mass spectrometry
 
(MS/MS) 184,186-191
 
applications 185, 186
 

tandem-in-time mass spectrometry/mass
 
spectrometry (MS/MS) 192-196
 
applications 185
 

Taylor cone 488, 489, 669
 
terminology 22-27
 

data interpretation 271
 
mass spectrometry/mass spectrometry
 

(MS/MS) 177-179
 
proteomics 693-694, 698
 
vacuum systems 148-149
 

tetramethylsilane, as reagent gas in 
chemical ionization (CI) 456-457
 

thermal electrons 464, 465-466
 
thermal-conductivity gauges 150
 
thermocouple pressure gauge 151
 
thermospray interface, liquid
 

chromatography/mass spectrometry
 
(LC/MS) 644
 
3D quadrupole ion trap see quadrupole
 
ion trap
 

throughput 148, 676-677
 
time-array detection (TAD) 66, 77-80
 
time-lag focusing 66, 545-546
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time-of-flight, relationship to ion velocity 
and m/z value 65 

time-of-flight (TOF) instruments 55, 
62-81,297,525-529,613 
and inductively coupled plasma 

ionization (ICP) 254
 
resolving power 295
 
spectral skewing 622
 
TOF-TOF 189,190
 

time-slice detection 76-77 
time-to-digital converter (TDC) 78-79 
tissue profiling 547-548 
tof, relationship to ion velocity and m/z 

value 65 
TOF mass spectrometers see 

time-of-flight instruments 
"top-down" protein analysis 744-753 
torr, definition 148 
toxicology 29-31 
TOMS (triple-quadrupole mass 

spectrometer) 187-188, 189, 189 
transition flow 148 
transition metals 306 
transmission quadrupole (OMF) 473 614 

high m/z value ions 295 ' 
output characteristics 111 -113 

trifluoroacetic acid (TFA) 535 
trimethylsilyl (TMS) derivatives 422-427 

588 ' 
triple-quadrupole mass spectrometer 

(TOMS) 187-188, 189, 189 
tris-(trimethoxy)-triphenylphosphonium

acetyl (TM PP-Ac) 
699 

turbomolecular pumps 157-159, 
579-580 
20 quadrupole ion trap 97-100 

u 
ubiquination, proteins 734 
Ultra Mark 135 
unified atomic mass unit (u) definition 

6,273 

v 
vacuum 
low 152 
medium 150 
high 156-162 

vacuum pumps 152-162 
contamination 158 
low vacuum 152-156 yions(B 
high vacuum 156-157,579-580 699, 7 

vacuum systems 18-19, 55-56, 451, recogl 
477,581 
atmospheric pressure photoionization 

(APPI) 656 
chemical ionization (CI) 454 
electron ionization (EI) 320 
GC/MS 591 
liquid chromatography/mass 

spectrometry (LC/MS) 643 
orbitrap 107 
overview 147-148 
time-of-flight mass spectrometers 

(TOF) 63-64 
valence states 284 
Van Deemter-Golay curves 578, 579 
velocity, relationship to m/z in linear TOF 

spectrometers 65 
viscous flow 148, 157 

w 
w ions (Biemann nomenclature) 698 
water 371, 378, 380, 406 

in adduct ions 306 
in atmospheric pressure chemical 

ionization (APCI) 650-651 
in electrospray ionization (ESI) 489 
as matrix, MALDI 534, 548 
as sample, GC/MS 631, 632 

Wien filter 9 
Wiley Database of Designer Drugs 433 
Wiley Registry, 8th Ed. database 433 

441 ' 
Wiley/NIST database 433 
Wsearch32 software 630 

x 
X elements 284, 288 

definition 277 
X+1 elements 287 

definition 277 
X+2 elements 287,301,475,626-627 

contribution to X+1 peak 290 
definition 277 

x ions (Biemann nomenclature) 698 




