Index

Abundance sensitivity  99-100, 231
Accelerator mass spectrometry, see AMS
Accuracy, of isotope ratio measurements 228-31
Aerosols  304-6
Age dating methods 399-407
14C 168, 313, 406-7, 413
cosmogenic radionuclides in  413-14
K-Ar/Ca 406
Lu-Hf 404
Pb-Pb 249, 400-3
Rb-Sr 19, 234, 247-8, 4034
Re-Os 404-6
Sm-Nd 404
summary of techniques 401
Th-Pb 400-3
U-Pb 248, 400-3
see also Geochronology
Allende meteorite 413
Alloys
trace and bulk analysis 2607
Alpine Iceman 239
Aluminium, and neurodegenerative diseases 359
Alzheimer’s disease
amyloid plaque analysis 353, 372
element analysis and protein identification 358,
359
protein spot analysis 234, 235, 360
tau proteins in 355
Amplifiers, see Ion detectors

AMS 167-9
abundance sensitivity 100
isotope ratio measurements by 227
in radiocarbon measurements 406-7
in radionuclide determination 311, 313
secondary ion sources in 65
Analyzers 77-98
see also Double-focusing sector field mas
spectrometer; Ion cyclotron resonance mass
analyzer; Ion trap mass analyzer; Quadrupole
mass analyzer; Sector field analyzer;
Time-of-flight mass analyzer
Andesite, trace element determination 202-3
Anode rays, discovery 7
Antimony
in drinking water 385
volatile species analysis 218
Application fields of inorganic MS 256, 298
Archaeology 457-8
Argon
diatomic ions 450-3
K-Ar age dating 406
Arsenic
in drinking water 382
in foodstuffs 382
in hair 350, 351, 436
speciation 325-6
trace analysis 335
volatile species identification 217
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Aston mass spectrographs 12-16
Atmospheric pressure ion (API) source 70
Atomic mass unit 2

Atomic mass 2

Atomic number 1

Atomic weight 2, 224

Autospark system 45

Bioengineering 33843
Biology 317-36
elemental speciation 322-6
imaging of tissues 333-6, 36672
isotope ratio measurements 331-3
sample digestion 317
single cells 335
trace analysis 318-22, 333-6
see also Proteins
Biomolecular templating 340
Biotite 404
Blood
analysis  345-8
plasma, phosphoric acid triesters in 217
Body fluids 345-9
Bones analysis  349-52
Boron nitride
clusters 444-6
and graphite mixture 446
mass spectrum  185-7
trace analysis 275
Boron, isotope ratio measurements 2467
Borophosphosilicate glass, sputtering of 185, 186
Brain tissue analysis 2001, 204-5, 367-70
protein spots 234, 235, 358-62, 429
Bromate, in blood 347
Bromine, determination in geological samples
396-7
Bulk analysis (ultratrace analysis)
long-lived radionuclides 427-30
of metals and alloys 260-7
methods  259-60
non-conducting materials 271-7
semiconductors 268-71

14C dating 168, 313, 406-7, 413
C-geometry 84
Cadmium 228, 382

mass spectrum 15
Caesium iodide, trace analysis 270-1
Calcium

K—Ca age dating 406

metabolism in bone 348

in serum 347
Calcium fluoride clusters 446

Calibration
external 193—4, 202-3
standard addition 194, 204-5
see also Isotope dilution analysis (IDA)
Calibration curve 188
see also Quantification procedures
Calutron 19
Capillary electrophoresis
coupling to ICP-MS, see CE-ICP-MS
rare earth element separation 183-5
spallation target 422-3
speciation  149-50
Carbide cluster ions  446-50
Carbon
clusters 441-6
see also Diamond; Graphite
Carboplatin 308, 457
Cassiterite 407
Catalytic converters 307
CE-ICP-MS  149-50, 240, 330-1
Ceramics
archaeological analysis 457-8
trace analysis 271-7
Certified reference materials (CRMs) 189, 194-5
biological 318-22
certification procedures 198
one point calibration using  189-93
Channel electron multiplier 108-9
Chemical warfare agents 436-7
Chernobyl nuclear power plant 241-2, 243, 352-3
Chlorine, determination in geological samples
396-7
Chondrites 411, 412, 413
Chromatography
gas (GC) 215
see also GC-MS
ion-exchange 303, 324, 326
liquid (LC) 91, 324
see also HPLC
size exclusion 300
Chromium
determination in DNA 3534
in foodstuffs 383
speciation 301, 303, 307, 3224
Chromium oxide layer, depth profile 281, 282
Cisplatin (CPC) 308, 457
Climate change research 221
Clinical application, see Medicine
Clusters  440-53
boron nitride 441-6
calcium fluoride 446
carbon 441-6
classification 441



formation methods 440-1, 442
heteronuclear 446
metal oxide/graphite mixtures 446-50
sodium 441

Coating systems 283—4

Codex Alimentarius Commission (CAC) 380

Cold spray ionization 71
Cold vapour technique 43, 146-7, 381
Collision induced dissociation (CID) 127
Collision reaction interface (CRI) 127, 129
Collision/reaction cell

collision gases 123, 127

hexapole collision cell 126, 127

octopole 124, 127

reactions 127, 128, 130

see also Dynamic reaction cell
Cometary and Interstellar Dust Analyzer

(CIDA) 411

Concentration

detection range 259

units 259
Consolidated Engineering Corporation 19
Copper

in brain tissue 367-70, 372, 373

isotope abundances 223

and neurodegenerative diseases 356

in proteins 329, 332-3

in renal tissue 370

trace analysis 263—4
Cosmic abundance curve 411
Cosmochemistry 410-14

age dating in  413-14

cosmogenic radionuclides 413-14

isotope analysis 412-13

trace analysis 410-12

CRMs, see Certified reference materials (CRMs)

Cyclotron equation 96

Dalton 2
Daly detector 109-10
DART 56

Dead time correction 231

Demountable concentric nebulizer (DCN) 142

Dempster mass spectrometer 10-12, 15

Depleted uranium (DU) 242-3, 348-9, 366, 430

Depth profiling 277-86

Detection range, in concentration determination

259
Di-isotopic elements 2
Diamond

in meteorites 412
n-type 293

trace element analysis 200

Index 485

Digestion
fusion methods 210
microwave assisted 209-10, 263, 307
open vessel 209, 300, 381
DIHEN 142-3, 425-6, 453
Direct Analysis in Real Time (DART) 56
Direct injection high efficiency nebulizer (DIHEN)
142-3, 425-6, 453
Direct ionization techniques 27
Dispersion distance 80
Dissociation energies 4501, 452, 453
Double-focusing sector field ICP mass spectrometry,
see ICP-SFMS
Double-focusing sector field mass spectrometers
83-7, 98
for all masses simultaneously 85-7
history 16-17, 19-20
for one mass  84-5
with Mattauch-Herzog geometry 86-7, 138,
1534
with Nier—Johnson geometry 84, 161
see also ICP-SFMS
Doublet method 180
Drugs 457
Dual gas flow technique 201
Dynamic mass separation systems 87-98
ion cyclotron resonance mass analyzer 95-8
ion trap mass analyzer 94-5
see also Quadrupole ion trap
see also Quadrupole mass analyzer; time-of-flight
mass analyzer
Dynamic range 188
Dynamic reaction cell (DRC) 124-7
Dysprosium, isotopic composition 224

EELS 372

Einstein’s equivalence principle 14
Electron

discovery 9

Electron energy loss spectrometry (EELS) 372
Electron ionization ion source 65-8, 72
introduction 11, 65
ion current produced by 65-6
ionization efficiency curves for 66-7
with Knudsen cell 67-8
principles 66
Electron impact ionization (EI) 65
in glow discharge 53, 54
in isotope analysis 232
Electron ionization mass spectrometry 65-7,
169-70
Electrospray ion source 701
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Electrospray ionization mass spectrometry, see
ESI-MS
Electrothermal vaporization (ETV) 43
see also ETV-ICP-MS
Elementary charge 3
Environmental science 298-313
aerosols  304-6
applications of inorganic MS 298
contaminant determination 308-9
applications of inorganic MS in 309
isotope ratio measurements in  308—11
multi-elemental analysis of samples 306
particles 304-6, 430-1
radionuclides 311-13
sample preparation 300
waters 3004
Erbium, atomic composition 224
ESI-MS 22, 70-1, 347
ETV-ICP-MS 43, 245, 321, 429-30
EXAFS 372

FAAS 146
Faraday cup 103-5
and secondary electron multiplier 107-8
FFF-ICP-MS 306
Field flow fractionation (FFF) 150, 306
Fingerprinting
in forensic analysis 434-5
of gemstones 395
Fish scale analysis 322
Flame atomic absorption spectrometry (FAAS)
146
Flow injection
in ICP-MS  148-50
micronebulization in 148
Fluorescence screen 113-14
Focal plane camera 113
Food analysis 380-6
drinking water 382, 383, 385
isotope ratios 385-6
mineral and bottled water 385
speciation 3814
trace analysis 385-6
Forensic analysis 433-8
element species 4367
fingerprinting  434-5
isotope ratio measurements 438
multi-element analysis 435-6
nuclear forensic studies 437-8
trace analysis 436-7
Formaldehyde 220
Fourier transform ion cyclotron resonance mass
spectrometry, see FTICR-MS

Fractionation effects, in LA-ICP-MS 41-2, 49,
390-1

FTICR-MS 21, 95-7

Full width at half maximum (FWHM) 98-9

Gadolinium 422-3
Gallium arsenide
synthetic laboratory standard 199-201
trace analysis 268, 269-70
Gallium 457
Gas chromatography isotope ratio mass
spectrometry, see GC-IRMS
Gas chromatography mass spectrometry,
see GC-MS
Gas source mass spectrometry, see GSMS
Gases
analysis
applications of inorganic MS for 216-20
sampling and sample preparation 215-16
stable isotope ratio measurements 220-1
mass spectra (1920) 12, 13
GC-ICP-MS  215-16, 217-20, 232
GC-IRMS 220, 232
GC-MC-ICP-MS  218-19
GC-MS 21, 67
GD-SEMS 132, 157-60
GDMS  52-6, 157-60
de GD 52-6, 157-8
characteristics 275
disadvantages 55-6
isotope ratio measurements by 226-8
quadrupole based 157, 158
f GD  52-6, 158-60
characteristics 275
magnetron-enhanced (rf MGDMS) 56
SSMS vs. 52
in surface analysis 281-3
Gel electrophoresis 324, 327, 355, 429
Gemstones, fingerprinting of 395
Geochemistry
isotope ratio measurements in  246-50
sample preparation 388-90
see also Cosmochemistry; geology
Geochronology 19, 247, 400
isotope ratio measurements in  237-9,
247-50
see also Age dating methods
Geology
imaging 407
isotope analysis 398-407
isotope fine variation 398-9
microlocal analysis 407
multi-element analysis 392-6



sample preparation 388-90
trace analysis 3968
applications of inorganic MS in 398
see also Age dating methods; geochemistry
GeoReM 195
Glasses
mass spectrum measured by rf GDMS
178, 179
reference materials
lithium analysis  398-9
MPI-DING 3924, 407
RSCs 190-1
uranium analysis 208, 273
sample analysis 435-6
trace analysis 272-4
Glow discharge ion source 51-6, 72
dc 52-6
Grimm-type 54, 55
ionization mechanisms 53—4
with pin-shaped cathode 52-3
with planar (disc) cathode 52
f 56
see also GDMS
Glow discharge mass spectrometry,
see GDMS
Glue technique 389
Gold
fingerprinting 434
trace analysis 264-5
Granite, RSC 190
Graphite
and boron nitride mixture 446
cluster formation 441-6
and metal oxide mixture 446-50
supernova 412-13
surface contamination 289, 290
trace analysis 265, 266
GSMS, isotope ratio measurements by 232
GSSMS 45
Gunpowder 434-5

Hafnium
determination in geological samples 398
isotope ratio measurements 225
Lu-Hf age dating 404
mass spectrum  179-80

Hair analysis 349-52, 436

High performance liquid chromatography,

see HPLC

High purity materials 256, 290-1
abbreviations 259

High temperature mass spectrometer 170

Hip implants  339-40

Index 487

History of mass spectrometry 7-22

HPLC 133, 211

HPLC-CV-MC-ICP-MS 381
HPLC-ICP-MS 142, 148-9, 150, 199, 307
HPLC-MC-ICP-MS 239

Hydride generation 43-4, 146-7, 216
Hydrochloric acid, high purity 290

Ice samples 303-4
ICP-CC-QMS  126-7, 233
isotope ratio measurements by 232-4, 243-5
ICP-IT-MS 95
ICP-MS 21, 120-53
in biology 317-36
collision cell (CC) in, see ICP-CC-QMS
collision reaction interface (CRI) in  123-31
Daly collector system in  109-10
Dynamic Reaction Cell (DRC) in  123-31
effect of pre-evaporation on ion distributions
34-5
in environmental science 298-311
external calibration 193-4
flow injection in  147-50
in forensic analysis 433-8
in geology 389, 396, 397-8, 402-6
hydride generation in  146-7
hyphenated techniques 147-50
ICP-OES 28
ICP-OES vs. 29
INAA vs. 352-3
instrumental background 118
instrumental developments 120
interface region 118
isotope ratio measurements by 228, 241,
245-6
LA-ICP-MS vs., in trace analysis of solid samples
271
main parts 119, 120
mass discrimination effect in  229-30
matrix effects in 231
in medicine, applications 362, 367
Octopole Reaction Cell (ORC) 124
overview of instrumentation 120-1
quadrupole based, see ICP-QMS
in radionuclide determination 416-18, 419-24
RSC measurements by, comparison with
LA-ICP-MS  190-1, 192
sample preparation for 209-11
semi-quantitative analysis in  188-9
shielded torch in 36, 37
solution introduction systems in  141-7
in trace analysis of high purity solutions
290-1
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ICP-MS (Continued)
see also CE-ICP-MS; ETV-ICP-MS;
FFF-ICP-MS; GC-ICP-MS; HPLC-ICP-MS;
ICP-SFMS; ICP-ToF-MS; Inductively
coupled plasma ion source; LA-ICP-MS;
LA-MC-ICP-MS; MC-ICP-MS;
SEC-ICP-MS
ICP-0a-TOF-MS 133
ICP-OES, ICP-MS vs. 29
ICP-ORC-MS 124
ICP-QMS  121-3
figures of merit for 129
instrumental outline 122
isotope ratio measurements by 2324
photon stop in 118
see also ICP-MS
ICP-SEMS 1312
abundance sensitivity 100
with GD-SEMS 132
instrumental background 118
isotope ratio measurements by 228,
241-2, 244
performance 132, 139-40
shielded torch in 36, 37
ICP-ToF-MS  133-5
ICP, see Inductively coupled plasma ion source
ICR-MS, first application 20
IDMS  196-9
applications  239-40
see also Isotope dilution analysis (IDA)
Imaging mass spectrometry
biological tissues 333-6, 362-75
in materials science 292-3
medical tissues 366-72
Indium, trace analysis 261
Inductively coupled plasma optical emission
spectrometry, see ICP-OES
Inductively coupled plasma ion source
28-44, 72
electrothermal vaporization coupled to 43
hydride generation and cold vapour technique
coupled to  43-4, 146-7
ion intensity
as function of nebulizer gas flow rate
34-5
as function of rf power 32-4, 35
ionization efficiency 31-2
laser ablation coupled to 3843
see also LA-ICP-MS
plasma gas temperature 30-1
sample introduction systems in  37-8
schematic 29
see also ICP-MS

32, 33,

Inductively coupled plasma mass spectrometry, see
ICP-MS
Inductively coupled plasma optical emission
spectrometry, see ICP-OES, ICP-MS vs.
Instrumental neutron activation analysis (INAA)
319, 352
ICP-MS vs. 352-3
Instrumentation, see Mass spectrometers
Insulators  272-7
see also Ceramics; Glasses; Polymers, trace

analysis
Interferences 123, 180-7, 231, 459-60
atomic ions  180-5
cluster ions  185-7
double charged ions 129, 180
polyatomic ions 180-9

reduction via gas flow modulation 183
ITodine
determination in geological samples 396-8
isotope ratio measurements 243-6, 311-13
Ion cyclotron resonance mass analyzer 95-8
Ton cyclotron resonance mass spectrometry, see
ICR-MS, first application
Ton detectors 103-14
channel electron multiplier
Daly detector 109-10
Faraday cup 103-5
and secondary electron multiplier
fluorescence screen 113-14
microchannel plates 108-9
multiple ion collection system 111-13
photographic ion detection 113-14
secondary electron multiplier 105-7
and Faraday cup 107-8
Ion lenses 118
see also Lens effect
Ton separation 77-100
comparison of systems 97-8
dynamic systems 77
see also Dynamic mass separation systems
static systems 77
see also Sector field analyzers
see also Abundance sensitivity; Mass
resolution
Ion sources 25-72
comparison of 72
processes in  25-6
see also Electron ionization source; Electrospray
ion source; Glow discharge ion source;
Inductively coupled plasma ion source;
Laser ion source; MALDI source; Secondary
ion sources; Spark ion source; Thermal
surface ion source

108-9

107-8



Ion trap mass analyzer 94-6
see also Quadrupole ion trap
Ton(s)
energy spread 84, 90, 92
extraction 35, 118, 122
optics 35, 86
Ionization efficiency, in thermal surface ionization
57
Tonization techniques
Iridium
calibration curve in high purity platinum 204
determination in geological samples 396
Iron
in blood 345-8
in foodstuffs 383
isotope ratio measurements
in proteins 327, 329
Irradiation, in MALDI-MS 70
Isobaric interferences, see Interferences
Isobars 3
Isotope abundances
absolute 231
variations of 224
Isotope dilution analysis (IDA)
207-8
applications  198-9, 23941
on line 205, 207-8
principles 194
species-specific  198-9
species-unspecific  196-9
ultratrace analysis 196
Isotope dilution mass spectrometry, see IDMS
Isotope ratio measurements 223-50
accuracy limits  228-31
application fields 226
biological samples 331-3
capability of inorganic MS in  226-8
environmental samples 308-11
in forensic analysis 438
in geochemistry 246-50
in geochronology 237, 246-50
by GSMS 232
by ICP-QMS 2324
IDMS applications 239-41
by LA-ICP-MS 228, 234-6, 249
applications 236, 245-6
of long-lived radionuclides 241-6, 427-30
by multiple ion collector MS  237-9, 241, 2467
precision limits  228-31
on stable isotopes, applications 240
Isotope(s) 1,223
history 9

26-7

310-11, 347

2,223

194, 196-9, 205,

Index 489

Johnson noise, of Faraday cup 103-4
Jupiter 414

Kinetic energy, of ions 4
Knudsen effusion mass spectrometry 67-8, 170-1

LA-ICP-MS 21, 38-43, 123, 150-3
in biology 317-18, 321-2, 323, 327-36
in biotechnology 340-3
in brain research  355-61
in forensic analysis 433-8
fractionation effects in  39-42, 48-9, 390-1
in geology 388-9, 393-6, 397, 402-3, 407
ICP-MS vs., in trace analysis of solid samples 271
isotope ratio measurements by 228, 234-6, 249
applications 236, 245-6
in long lived radionuclide analysis
in medicine 356-62, 366-75
applications  363-6
near field, effect in 42, 153
RSCs of reference materials measured by 190,
191
comparison with ICP-MS  190-1, 192
sample preparation for 209-11
solution based calibration in  201-8
external calibration technique 202-3
on line isotope dilution analysis 205, 207-8
standard addition technique 204-5
in surface analysis 283-7
trace element determination by
LA-MC-ICP-MS 135, 406
LAMMA instruments 154-5
LAMPAS 154
Lanthanides 301, 302, 423, 4501
see also REE
Laser ablation inductively coupled plasma mass
spectrometry, see LA-ICP-MS
Laser ablation systems 39, 150-3, 367
Laser induced breakdown spectroscopy (LIBS) 46
Laser ion source 46-51, 72
laser plasma ionization 46-50
principle 46, 47
resonant laser ionization 50-1
see also LIMS; RIMS
Laser ionization mass spectrometry, see LIMS
Laser power density 391

427-30

189-92

Layered systems, analytical methods 259-60
Lead
in bone 352

in brain tissue 370, 374

in drinking water 383

in foodstuffs 383

impurity analysis in nanoclusters 341
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Lead (Continued)
isotope ratio measurements 247,
309-10, 438
Pb—Pb age dating 249, 400-3
Th-Pb age dating 400, 400-3
U-Pb age dating 248, 400-3
volatile species analysis 218
Lens effect
of electric sector field 82-3
of homogeneous magnetic field 79-80
Lens equation 82-3
LIBS 46
LIMA instruments 154-5
Limits of detection (LODs)
dependence on laser spot diameter 394
of trace analysis techniques on environmental
samples 298
LIMS 21, 46-50, 154-5
charge of positive ions and initial energies
as function of laser power density in
49, 50
isotope ratio measurements by 226
reflection mode 47-8
relative sensitivity coefficients as function of
laser power density in  48-9
with SSMS 1534
transmission mode 47, 48
see also Laser ion source
Liquid metal ion guns (LMIGs), 64, 366
Liquid metal ion guns, in SIMS  64-5
Liquid samples, features of atomic spectrometric
analysis techniques 298-9
Lithium, isotope analysis 246, 398-9
LMIGs, see Liquid metal ion guns
Long-lived radionuclides 415-31
application fields for determination 416
applications of inorganic MS in determination
424, 425
half-life determination 418-19
isotope ratio measurements 241-6, 427-30
mass spectrometry detection limits 418
oxide ion formation 453
particle analysis 430-1
small sample volumes 4247
trace/matrix separation 419-24
ultratrace analysis 424-7
Lujavrite, RSC 190
Lutetium, Lu—Hf age dating 404

Magnesium
alloys 293
isotope ratio measurements 232-3
isotopes, discovery 11

mass spectrum 12, 179-81, 183-7
Magnetic sector field mass spectrometers
60° 17,78
90° 78
180° 10-12, 15, 19
see also Sector field analyzers
MALDI-MS 21-2, 69-70
in biology 333-6
ionization degree 70
in medicine 356-9, 362
MALDI source  69-70
Manhattan Project 17
Mars 414
Mass bias, see Mass discrimination effect
Mass calibration 180
Mass defect 3
as function of atomic number 14, 15
Mass discrimination effect 229-30
correction approaches 230
Mass filter 90
Mass number 1
Mass resolution 16, 98—-100
full width at half maximum (FWHM)
definition 99
improvements in 16, 20
peak width definition 98, 99
required for separation of atomic ions
from argide ions 182
from oxide ions 182
10% valley definition 98, 99
Mass spectrometers 117-71
computer system 118, 120
Knudsen effusion 67-8, 170-1
pressure gauges 117
vacuum system 117-18
see also AMS; GDMS; GSMS; ICP-MS;
LA-ICP-MS; LIMS; MC-ICP-MS; RIMS
SIMS; SNMS; SSMS; TIMS; ToF-MS;
ToF-SIMS
Mass spectrometry
advantages 5-6
comparison of methods
measuring concentration range
255-6, 258
power of detection 255-6, 259
for trace element determination 257
introduction to  1-6
principle of operation 3-5
setup 34
trends 6, 459
Mass spectrum 2
Mass-to-charge ratio 3
Materials science 256-93



alloys  260-7
application fields in = 258
depth profiling 277-86
imaging 292-3
metals 260-7
microlocal analysis 291-2
multilayers  259-60, 278-87
thick layers 277-87
thin films 277-87
see also Bulk analysis (ultratrace analysis); High
purity materials; Trace analysis
Mathieu equation  88-9
Matrix-assisted laser desorption/ionization mass
spectrometry, see MALDI-MS
Matrix-assisted laser desorption/ionization source
69-70, 72
Matrix effects 190, 230-1
Mattauch—Herzog geometry 16
double-focusing mass spectrometers with  86-7,
138, 153-4
MC-ICP-MS 13540
abundance sensitivity 100
in geology 399
isotope ratio measurements by 237-9, 240,
241-2, 249
mass discrimination effect in 230
mass resolution 137-8
multiple ion collectors
performance 139-40
schematics 136
MC-ICP-SEMS 228
MC-TIMS  160-1
isotope ratio measurements by 237-9,
249
mass discrimination effect in 230
multiple ion collectors 111-13
Medicine 344-75
body fluids 345-9
bones analysis  349-52
hair analysis 349-52
microanalysis of small amounts of samples
352-3
nail analysis 349-52
sample preparation 344-5
serum analysis 345-8
single cell analysis 372-5
storage of medical samples
tissues  362-6
imaging MS of 366-72
see also Brain tissue analysis
tooth analysis 349-52
ultrafine particles 375
see also Blood; Proteins

111-13

344-5

Index

Menckes’ syndrome 359
Mercury

in foodstuffs 381-2

speciation 326

toxicity 381

volatile species analysis 218
Metal(s)

trace and bulk analysis
Metal argide ions 450-3
Metal—carbon cluster ions  448-9
Metal-containing proteins 332-3
Metal-humic substance complexation 326
Meteorites 411, 412, 414

Allende 413
Methylmercury (MeHg)

in fish tissue 381-2

species determination 215, 326
MGDMS, if 56
MIC-SSMS 392
Microanalysis  352-3
Microchannel plates
Microdialysis 353
Microelectronics, application fields in 258
Microlocal analysis

in geology 407

in materials research  291-2
Micronebulizers 141-5

absolute sensitivity comparison 426

260-7

108-9

APEX 141, 144
Aridus 141, 142, 144-5, 426
DIHEN 142-4, 425-6, 453

DS-5, 144, 426, 428

MicroMist 141, 144, 426
Microsampling 4601
Microwave plasmas 36
Milk

cattle 386

premature human 383
Miniaturization 460
Molecular ions, see Polyatomic ions
Molybdenum, isotope ratio measurements

238
Monazite, REE determination in 392
Mono gas flow technique 201-2
Mono-isotopic elements 1-2
Mosses, radionuclides in 428
MPI-DING reference glasses
MS/MS 133
Multi-layered systems 259-60, 278-87
Multiple ion collector ICP-MS,
see MC-ICP-MS

Multiple ion counting (MC) technique 113

3924, 407

491
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Nail analysis
NAMS 305
Nanoaerosol mass spectrometer 305
Nanobiotechnology 340-3
Napoleon Bonaparte, hair 350, 436
Naturally occurring radioactive materials (NORMs)
418
Nebulizers
characteristics for uranium determination 146
pneumatic  141-5
see also Micronebulizers
ultrasonic  145-6
Negative thermal ionization mass spectrometry
(NTIMS) 58-9, 72
Neodymium
atomic composition 224
mass spectrum 15
in nuclear fuel 430
Sm-Nd age dating 404
Neon
isotopes, discovery 9
mass spectrum 9, 10
Nerve agents 436
NF-LA-ICP-MS 42, 153
Nickel
isotope analysis
speciation 326
Nier—Johnson geometry, mass spectrometers with
84-5, 162-3
Nier mass spectrometer 17-18
Niobium, determination in geological samples 398
Nitric acid, high purity 290-1
Noble metals, determination in high-purity gold
264-5
Non-conducting materials
trace analysis 271-5
applications of inorganic MS in 276
NTIMS 58-9, 72
Nuclear fallout 241, 416
Nuclear forensic studies 437-8
Nuclear fuel, long-lived radionuclides in 416,
4234, 430

349-52, 4367

399, 413

Octopole collision cell, ion trap with 95
Orange juice 386
Orbitrap 95, 460
Organogermanium 457
Organophosphorus species
Organotin compounds 303
Osmium

isotope ratio 405

Re-Os age dating 404-6

trace analysis 263

436-7

Oxaliplatin 308, 457
Oxygen, isotope analysis 399, 437
Paint sample analysis 438
Palladium
in environmental samples 307-8
nanoclusters, impurity determination in
265
Parabola mass spectrograph  9-10
Particles  304-6, 430-1
ultrafine 375
Peak tailing 98-100
Penning ionization, in glow discharge
53, 54
Penning traps  95-7
Perovskite layers 200
stoichiometry determination 285-6
Pesticides
analysis 217, 384
in foodstuffs 385
PGEs, see Platinum group elements (PGEs)
Pharmaceutical applications 4567
Phosphorus
mass spectrum, with isobaric polyatomic
ions 180, 181
in proteins  326-31, 355-6
relation to neurodegenerative diseases 353
Photochemical alkylation 216, 217
Photographic ion detection 113-14
Photon stop 118
Planetary science 410-14
Plasma—polymer films 280
Plasma source ion trap (PSIT) mass
spectrometer 95, 128, 130
Platinum
nanoclusters
Cu determination in 207
impurity determination in 2668
nucleation on biopolymers 342-3
in renal tissue 368, 370-1
trace analysis 264
Platinum group elements (PGEs) 306-7, 384,
397-8
Plutonium
age determination of particles 437
in foodstuffs 385
half-life determination 418-19

isotope ratio measurements 243, 246,
312-13
in nuclear fuel samples 415-16, 430

in urine 421, 422
Polonium 438
Poly-isotopic elements 2



Polyatomic ions 440-53

abundances 441

formation 440-1

see also Clusters
Polycyclic aromatic hydrocarbons (PAHs) 438
Polymers, trace analysis 274
Post-ionization techniques 27
Potassium, K—-Ar/Ca age dating 406
Potential energy, of ions 4
Pressure gauges 117
Prism effect

of electric sector field 82

of homogeneous magnetic field 80-1
Process chemicals 290
Proteins  326-31, 332-3, 353-62

Quadrupole ion trap 20, 130

Quadrupole mass analyzer 87-91, 98
with cylindrical rods 87-8
with hyperbolic rods 90
stability diagram  89-90

Quadrupole mass spectrometers 20
triple 91
see also ICP-QMS

Qualitative analysis 177-87
finding orientation 177-8
interference problems, see Interferences
isotopic pattern  178-80
mass determination 180

Quantification procedures 187-208
calibration curves using CRMs or standard

solutions 193-6

one point calibration using CRM
semi-quantitative analysis 188-9
solution based calibration in LA-ICP-MS  201-8
using synthetic laboratory standards 199-201
see also Isotope dilution analysis (IDA)

189-93

Radioactive waste
characterization 415-16
determination of long-lived radionuclides in 424
mass spectrum  182-3
Radionuclides
cosmogenic 413-14
detection 114
environmental monitoring 311-13
see also Long-lived radionuclides
Radium
in environmental samples
in mineral water 385
Rare earth elements (REEs)
determination 274, 392
mass spectrum

419-20
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in irradiated tantalum target 183-5
natural isotopic pattern 183-5
polyatomic ion formation of 450-3
properties 451
RE-ADH 329, 330
REEs, see Rare earth elements (REEs)
Reference materials, see Certified reference
materials; Standard reference materials
Reflectron 21
Refractory metals, ultratrace analysis 262
Relative sensitivity coefficients (RSCs) 48-9,
189-92
definition 189
Relative sensitivity factors (RSFs) 61-5
in silicon matrix 62-5
Resolving power, see Mass resolution
Resonance ionization mass spectrometry, see RIMS
Resonant laser ionization 50-1
Retarding potential quadrupole (RPQ) lens 160
Rhenium
187Re in nature 405
Re-Os age dating 404-6
Rhodium foil, noble metals determination 286-7
RIMS 50-1, 155-6
isotope ratio measurements by 227
pathways for 50-1
of solid samples 51
RSCs, see Relative sensitivity coefficients (RSCs)
RSFs, see Relative sensitivity factors (RSFs)
Rubidium
isotope ratio measurements 249
Rb-Sr age dating 19, 234, 247-8, 4034
Ruthenium
in blood 348
isotope analysis 245

S-geometry 85
Saha-Langmuir equation 57
modified 59
Samarium, Sm—Nd age dating 404
Sample introduction 43
Sample preparation 208-12
environmental science 298
geology 388-90
for ICP-MS  209-11
medicine 344-5
preconcentration of analytes 211
for solid MS 208
trace matrix separation 211-12
Sarin 436
Scandium, trace analysis 263
Sea of Galilee 301, 302, 308-9, 310, 312-13
SEC-ICP-MS 300
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Secondary electron multiplier 105-7
and Faraday cup 107-8
Secondary ion mass spectrometry, see SIMS
Secondary ion sources 60-5, 72
principles 61, 62
sputtering process in  60-1
see also SIMS
Sector field analyzers 78-87
combination of magnetic and electric 83-7
see also Double-focusing sector field mass
spectrometers
electric  81-3, 98
lens effect 82-3
prism effect 82
magnetic  78-81, 98
lens effect 79-80
prism effect 80-1
see also Magnetic sector field mass
spectrometers
Selenium
in blood 347
in brain tissue 372, 374
determination in biological samples 320
in fission product solutions 429
in foodstuffs 382-3, 384
in proteins  326-7, 330-1
speciation  324-5, 330, 382-3
in urine 348
volatile species identification 218
Selenomethionine (SeMet) 198, 199, 329, 331,
382-3
Semiconductors 268-71, 275, 287-91
Semipermeable membrane devices (SPMD)
300
Sensitive High Resolution Ion MicroProbe
(SHRIMP) 164, 249, 403
Sensitivity 188
Serum, analysis 345-8
SHRIMP 164, 249, 403
Silicate reference materials, quantitative analysis
394, 396
see also Glasses, reference materials
Silicon
isotope ratio measurements 239
mass spectrum, in high purity GaAs 185
trace analysis 270
wafer surface contamination 287, 289
Silver 205, 388
SIMS 20, 60-5, 161-8
in biology 334, 336
in cosmochemistry 410-2
Cs molecular/polyatomic ion 634, 189
in forensic analysis 433, 435, 437

in geology 399, 402-3, 407
interference problems 185, 186
isotope ratio measurements by 227
main features 167
in medicine 362, 372
with multiple ion collector 166-7
with Nier—Johnson geometry 161-2
quadrupole based 164-5
semi-quantitative analysis in 189
with SNMS  165-6
sputter processes in 26
static, see SSIMS, in surface contamination
analysis
in surface analysis 277-9
see also Secondary ion sources; ToF-SIMS
SIRMS  169-70, 220-1
Size exclusion chromatography 300
Smoke analysis 304-6
Snail tissues 335
SNMS  60-5, 161, 164-7
direct bombardment mode (DBM) 165
e-beam 61, 164-5
high frequency mode (HFM) 165
laser post-ionization in 61
main features 167
plasma 61, 164
with SIMS  165-6
in surface analysis 279-81
see also Secondary ion sources
Sodium aluminium phosphate (SALP) 384
Solar cells, depth profile 279
Solar System
evolution 232, 239, 249, 413
origin 411, 413
Solid oxide fuel cells (SOFC) 282-3, 291-2
Solid phase extraction (SPE) 300
Solid phase microextraction (SPME) 300,
301, 303
Solution based calibration in ICP-MS 1934
Solution calibration in ICP-MS  193-4, 201-3
Solution introduction systems, in ICP-MS
141-7
Space science 410-4
Spallation nuclides 422-3
Spark ion source 44-6, 72
introduction 16
see also SSMS
Spark source mass spectrometry, see SSMS
Speciation
arsenic  325-6
chromium 301, 303, 307, 3224
in food analysis 381-5
mercury 326



nickel 326
selenium  324-5, 330, 382-3
tellurium 325
Sputtered ion source, see Secondary ion sources
Sputtered neutral mass spectrometry,
see SNMS
SSIMS, in surface contamination analysis
287, 289
SSMS  44-6, 1534
current—voltage curve of spark plasma 45, 46
GDMS vs. 52
in geology 392
gliding (GSSMS) 45
isotope ratio measurements by 226
see also MIC-SSMS
Stable isotope ratio mass spectrometers,
see SIRMS
Stable isotope ratio measurements gases 220-1
volatile compounds  220-1
see also SIRMS
Stable isotopes, discovery of existence 14
Standard addition 194, 204-5
Standard reference materials 224-5, 461
see also Certified reference materials
Stardust mission 411
Steel
trace analysis
low alloy standard steel 261-2
wet digested steel samples 263
Strontium
OSr determination in presence of Zr 34, 421
in body fluids 422-3
isotope analysis 244, 249, 310, 389
mass spectrum 187
Rb-Sr age dating 19, 234, 247-8, 4024
Sulfur, in proteins  327-9, 358, 361
Surface acoustic wave (SAW) devices 285
Surface analysis 277-87
comparison of methods 288
depth profiling 277-85
imaging 292-3
microlocal analysis 291-2
Surface contamination 287-91
SWIFT technique 97
Syenite, RSC 190

Tandem mass spectrometry, see MS/MS
Tantalum
determination in geological samples 398
spallation reactions in  422-3
Tau protein  332-3, 355
Taylor cone 71
TE-NTIMS 231
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TEAMS 268, 281
Technetium 419
Tellurium, speciation 325
Thallium
in bone 352, 436
in hair  350-1, 436
in nail 436
Thermal ionization mass spectrometry, see TIMS
Thermal surface ionization source 56-60, 72
double filament 57, 58
single filament 57, 58
see also TIMS
Thick layers 277-87
Thin films 277-87
Thomson (Th) 3
Thorium
calibration curve 195-6
in brain sample 204-5, 206
isotope ratio measurements 311
Th-Pb age dating 400, 402-3
in urine 427
Thyroid analysis 352-3
Time-of-flight mass analyzer 91-3, 98
with reflectron  92-3
Time-of-flight mass spectrometry, see ToF-MS
TIMS  160-1
development 19
elements analyzed by 59-60
emitter techniques 57-8
in geology 402-4
ionization curves in 57, 59
isotope ratio measurements by 226-8
mass discrimination effect in  229-30
matrix effects in 231
negative (NTIMS) 59-60, 72
see also MC-TIMS; TE-NTIMS; Thermal surface
ion source
Tin
butyl 198, 217-18, 220
volatile species analysis 218, 220
Tissue analysis 361-3
imaging MS
biological tissues 333-6, 363-75
medical tissues 362-72
see also Brain tissue analysis
Tobacco smoke, analysis 218
ToF-MS 21, 93-5, 133-5
ToF-SIMS  64-5, 133, 1634
Tooth analysis  349-50
Torch integrated sample introduction system (TISIS)
144
Total evaporation negative ion thermal ionization
mass spectrometry, see TE-NTIMS
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Trace analysis 260-76
biological samples 318-22, 333-6
cosmochemical 410-12
forensic samples 436
geological samples 396-8
applications of inorganic MS in 398
metals and alloys 260-6
applications of inorganic MS in
methods  259-60
non-conducting materials 272-7
applications of inorganic MS in 276
semiconductors 268-71
applications of inorganic MS in 272
Trace element accelerator mass spectrometry,
see TEAMS
Trace element concentrations, analysis equation
189
Trace element species, see Speciation
Trace matrix separation 211-12
Tracer experiments
on tau protein 332-3
on transport phenomena 331-2
Transport phenomena 331-2
Transverse magnification
of electric sector field 83
of magnetic sector field 79-80
Tree bark samples 319-20
Triple quadrupole mass spectrometers 91
Tungsten, isotope ratio measurements 247, 399

267-8

Ultratrace analysis, see Bulk analysis (ultratrace
analysis)
Uranium
analysis in glass standard reference material
273
in brain tissue

208,

204-6, 367, 372, 374, 429
calibration curve 195-6

depleted (DU) 242-3, 348-9, 366, 430

in foodstuffs 384-5

in hair  349-50, 351

hydride formation rate 417

isotope analysis 234, 237-8, 241-3, 310, 311-13

isotope separation 17-19
protein 358, 360-1
trace analysis 273, 274

U-Pb age dating 248, 400, 402-3
in urine samples 420-1, 422, 427
Urine analysis 234, 348-9, 420-2, 427

Vacuum system 117
Van’t Hoff equation 68
Vapour phase decomposition (VPD) 287, 289
Venus 414
VERA 168, 169
Volatile compounds
analysis
applications of inorganic MS for 216-20
sampling and sample preparation 215-16
stable isotope ratio measurements of 220-1

Water
bottled 385
drinking 382, 384, 385
mineral 385
samples 300-4
ultrapure 290
Wien velocity filter 7-8
Wilson’s disease 359

XANES 372
Ytrium, mass spectrum 187

Zeolites 389

Zinc
in brain tissue 367-70, 372, 373
in proteins 329, 330, 332-3, 342, 343
in renal tissue 369, 370
trace analysis 261, 265

Zircon 396, 404
REE determination in 392

Zirconium
determination in geological samples 398
isotope ratio measurements  237-8
mass spectrum 187















