
ABB instruments
PGC2000 243
FTPA2000–300 and Process Multiwave 239

absorption spectra 9–11
absorption spectroscopy see infrared 

spectrometry; spectrophotometry
adsorptive stripping voltammetry (ASV) 158
Advion Biosciences TriVersa NanoMate 267
affi nity high-performance liquid 

chromatography (HPLC) 80
Agilent Technologies 72, 97, 121, 267, 270, 274

1200 series 87, 113
3000 micro GC 187
8453E 14

air monitoring 211–212
AMETEK ProMaxion 241
amperometry 158–159, 202, 233, 270, 273

and high-performance liquid 
chromatography (HPLC) 85–86

Analect/Applied Instrument Technologies 
PCM 5000 238

analyte concentration, relationship to spectral 
absorbance 10–11

analytical instruments and techniques, 
defi nition 3–4

analytical process 2–3, 2
analytical scientist 1–2
Analytical Spectral Devices instruments

AgriSpec 211
QualitySpec iP 237

angular momentum 31
Animas Glucowatch Biographer 203
anion separation, ion chromatography (IC) 90
applications

atomic absorption spectrometry (AAS) 53
atomic force microscopy (AFM) 140–141
capillary electrophoresis (CE) 98–100
conductimetry 161, 209
confocal microscopy 129
differential scanning calorimetry (DSC) 169
fl ow injection analysis (FIA) 233–234
fl uorescence spectrometry 31, 207

portable 182–183
gas chromatography (GC) 73–74

on-line 243
gas chromatography-mass spectrometry 

(GC-MS), portable 189
high-performance liquid chromatography 

(HPLC) 88
on-line 245

inductively coupled plasma-mass 
spectrometry (ICP-MS) 60

infrared (IR) spectrometry 25, 207, 
238–239

ion chromatography (IC) 92
light (optical) microscopy 127
mass spectrometry 48

on-chip 266–267
portable 186

nuclear magnetic resonance (NMR) 
spectrometry 36

pH testing 209
potentiometry 154
Raman spectrometry 25, 229, 239–240
scanning electron microscopy (SEM) 133
spectral imaging 142–144
spectrophotometry 15

near-infrared (NIR) 15, 180, 229, 237–238
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applications (continued)
supercritical fl uid chromatography (SFC) 103
thermogravimetric analysis (TGA) 166
transmission electron microscopy (TEM) 135
voltammetry 159
X-ray diffraction (XRD) 170

Applied Instrument Technologies MGA iScan 
241

Applied Spectral Imaging, SpectraView 142
aqueous sample 11, 21, 30, 89, 138
argon plasma 54, 55
aspirin

electron impact mass spectrum 38
fl uorescence emission and excitation spectra 28
nuclear magnetic resonance (NMR) 

spectrum 34, 35
Raman spectrum 17
ultraviolet (UV) absorption spectrum 10

at-line sampling 224
atmospheric pressure chemical ionisation 

(APCI) 40, 112, 114, 120, 121, 
266–267

atomic absorption spectrometry (AAS) 49–53
with liquid chromatography 109–110

atomic emission spectrometry (AES) 242–243
atomic fl uorescence spectrometry (AFS) 49, 

50–53
atomic force microscopy (AFM) 138–141

schematic diagram 139
attenuated total refl ectance (ATR) 21, 235
automated instrument, defi nition 226
automated testing 221
automatic instrument, defi nition 226
autosampler, high-performance liquid 

chromatography (HPLC) 77
Axsun Technologies IntegraSpec 237

backfl ushing 73
background (interference) 31, 33, 68, 117

ion chromatography (IC) 89, 90
nuclear magnetic resonance (NMR) 

spectra 119
see also signal-to-noise ratio

batch assay 229–230
battery life, portable instruments

fl uorescence spectrometer 183
gas chromatograph (GC) 187
mass spectrometer 185
pH meter 194
scanning probe microscope 191

spectrophotometer 177, 178
Beer-Lambert Law 10–11, 98

and atomic absorption spectrometry 
(AAS) 53

and fl uorescence spectrometry 31
and infrared (IR) spectrometry 16–17, 22

biochip 208
biological sample 131, 135, 138, 263
black-body radiation source 18
blood coagulation monitoring 206–207
blood glucose testing 200–205
breathalyser 214–215, 215
Bruker instruments 42

ALPHA 181
IMS 2000 214
Minispec ProFiler 184
RAID 214

bubble cell, capillary electrophoresis (CE) 98, 98
buffer, capillary electrophoresis (CE) 94
bulk property detector, high-performance liquid 

chromatography (HPLC) 80–82

Caliper/Agilent 274
calix[4]arenes 115–116, 116, 151, 151
cantilever, atomic force microscopy (AFM) 138
capillary electrochromatography (CEC) 97
capillary electrophoresis (CE) 65, 92–100, 92

and mass spectrometry 120–121, 121
on-chip 269–270
portable 188

capillary electrophoresis-mass spectrometry 
(CE-MS) 120–121, 121

capillary gel electrophoresis (CGE) 97
capillary tube, capillary electrophoresis (CE) 

92, 95–96, 96, 98, 98
capillary zone electrophoresis (CZE) 96
carbon dioxide, as mobile phase in 

supercritical fl uid chromatography 
(SFC) 100

carrier gas, inductively-coupled plasma-optical 
emission spectrometry (ICP-OES) 55

cation separation, ion chromatography (IC) 90
CCD see charge-coupled device
Cecil Instruments 87
charge-coupled device (CCD) 12, 13, 171, 

239, 272
atomic absorption spectrometry (AAS) 53
InGaAs 13, 22, 237

chemical chip 275–276
chemical force microscopy (CFM) 139–140
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chemical imaging 143
chemical ionisation (CI) 39, 107
chemical warfare agents 211–212
chemically modifi ed electrode (CME) 158
chirality 103
chromatography 65, see also gas 

chromatography, high-performance 
liquid chromatography

Cloud Chamber Scrubber 246
CMI Intoxilyser-8000 215
column

capillary electrophoresis (CE) see capillary 
tube

high-performance liquid chromatography 
(HPLC) 77–78, 78

ion chromatography (IC) 90
combination detector, high-performance liquid 

chromatography (HPLC) 86
computer, as output device 22, 30, 47, 72, 

90, 126
Comstock miniTOF II 185
conductimetry (conductivity detection) 

159–161, 160
in high-performance liquid chromatography 

(HPLC) 81–82
on-line 246
portable 195–196

confocal microscopy 127–129, 128, 141
Connes advantage 17
contact mode, atomic force microscopy 

(AFM) 138
continuous analyser 226, 227, 228
continuous glucose monitoring system 

(CGMS) 204–205
correlated spectroscopy (COSY) 35
coulometry 202, 273
cryogenic probe, nuclear magnetic resonance 

(NMR) spectrometry 33, 35
cryogenic temperature transmission electron 

microscopy (cryoTEM) 134–135
crystalline electrode 150
current (electrical) detection see amperometry
cuvette 12, 29–30

D&P Instruments, Model 102 180, 181
database, Raman spectra 22
Delta OHM HD2106 196
derivatisation 67, 74, 107
desorption electrospray ionisation (DESI) 48
detector

defi nition 3–4, 4
capillary electrophoresis (CE) 97
fl ow injection analysis (FIA) 231
fl uorescence spectrometry 30
gas chromatography (GC) 68, 104

on-line 243
high-performance liquid chromatography 

(HPLC) 80–86
inductively coupled plasma-mass 

spectrometry (ICP-MS) 59
infrared (IR) and Raman spectrometry 22
ion chromatography (IC) 90, see also 

conductivity detector
light (optical) microscopy 126
mass spectrometry 47
near infrared (NIR) spectrophotometry 13
nuclear magnetic resonance (NMR) 

spectrometry 34
scanning electron microscopy (SEM) 131
spectrophotometer 12–13
supercritical fl uid chromatography 

(SFC) 102, see also detector, gas 
chromatography 

detector, high-performance liquid 
chromatography

thermogravimetric analysis (TGA) 165
transmission electron microscopy 

(TEM) 134
deuterium lamp 12
Dewar fl ask 33
DexCom 204
diabetes 200
diagnostic chip 275–276
differential pulsed voltammetry (DPV) 158
differential scanning calorimetry (DSC) 

166–169, 167
compared with X-ray diffraction 

(XRD) 169
differential thermal analysis (DTA) 167
diffraction grating 12

miniaturisation 176
diffractometer 5, 170–171
digital transform spectrometer (DTS) 180
Dionex Corporation, ICS-3000 91
dioxins 46
direct analysis in real-time (Dart) 48
direct coupling interface, gas chromatography-

mass spectrometry (GC-MS) 107
direct inlet probe 37
discrete analyser 226–227, 226
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discriminator
defi nition 3–4, 4
atomic absorption spectrometry (AAS) 52
fl uorescence spectrometry 29
gas chromatography (GC) 67–68
high-performance liquid chromatography 

(HPLC) 77–80
inductively coupled plasma-mass 

spectrometry (ICP-MS) 58–59, 
see also discriminator, mass 
spectrometry

mass spectrometry 42–46
nuclear magnetic resonance (NMR) 

spectrometry 33–34
scanning tunnelling microscopy (STM) 136
spectrophotometry 12

dispersive spectrometry 17
Distortionless Enhancement by Polarisation 

Transfer (DEPT) 35
DNA chip 274–275
double beam atomic absorption spectrometry 

(AAS) 52
double beam spectrophotometer 11
dropping mercury electrode (DME) 155
drugs 48, 99, 140, 143, 169, 229

cancer 31
illicit 48, 68

economics, performance criteria for 
instruments 5

electro-osmotic fl ow (EOF) 92, 96, 96, 
257–258, 269

electrochemical cell 147
electrochemical instrument 4, 147
electrode

in conductimetry 159
in potentiometry 148
in voltammetry 155
chemically modifi ed (CME) 158
crystalline 150
dropping mercury (DME) 155
enzyme-based 151–152
gas-sensing membrane 151
glass membrane 149–150
ion selective (ISE) 148, 149–152, 233, 

263–264
liquid membrane 150–151
microscopic 153, 154
rotating disk 158
saturated calomel (SCE) 155

semiconductor 152
static mercury drop (SMDE) 156–157
urea 152

electromagnetic (EM) spectrum 10
electron capture detector (ECD) 69, 70
electron impact (EI) ionisation 37–39, 38, 

107, 241
electron microscopy 125, 129, 130

scanning 130–133
transmission 133–135

electron multiplier 59
electrospray ionisation (ESI) 39–40, 39, 45, 

266, 270
in hybrid instruments 112, 114, 120, 121

elemental analysis 49–60, 60, 242–243
eluent

capillary electrophoresis (CE) 94
purity, in high-performance liquid 

chromatography (HPLC) 
amperometric detectors 85

energy diagram, fl uorescence and 
phosphorescence 29

energy-dispersive X-ray (EDX) analysis 
132, 133

enrichment, gas chromatography (GC) 73
environmental science 74, 92, 135, 209–212
environmental secondary electron detector 

(ESED) 132
excited state (of atom or molecule) 9, 26
explosives 214
Extech ExStik PH100 193–194, 193

fast atom bombardment (FAB) 40, 41
Felgett advantage 17
fi bre optics 21, 30, 176, 259–260

in process analytics 234, 235, 236, 238
fi eld sweep 32–33
fi eld-portable device, environmental 

monitoring 209
fl ame atomic absorption spectrometry 

(FAAS) 50
fl ame ionisation detector (FID) 68, 69, 104
fl ame photometric detector (FPD) 70–71, 71
fl ow, fl uids, lab-on-a-chip (LOC) 256–259
fl ow injection analysis (FIA) 229–234, 231

and lab-on-valve (LOV) 256
on-valve 264–266

fl uids
lab-on-a-chip (LOC) 256–259

in microchannels 262
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mixing 259
supercritical 100

fl uorescence 26–28, 26, 129, 263
time-delayed 28

fl uorescence spectrometry 26–28, 30, 240
with high-performance liquid 

chromatography (HPLC) 84–85, 84
portable 182–183
spectral imaging 144, 145
and ultraviolet spectra 27–28

fl uoride electrode 150
focused beam refl ectance measurement 

(FBRM) 240–241
Food and Drug Administration (FDA) (U.S. 

Agency) 219–220
food science 102–103, 169, 233
forensic science 60, 132, 143, 166
Fourier Transform (FT) 20, 22, 32
Fourier Transform infrared (FTIR) 

spectrometry 17, 18–25, 23, 143, 212
portable 180–181
and thermogravimetric analysis (TGA) 166

Fourier Transform nuclear magnetic resonance 
(FT-NMR) spectrometry 32

Fourier Transform Raman (FT-Raman) 
spectrometry 17–18, 19

Fourier Transform spectrophotometry 12
Fourier Transform-ion cyclotron resonance 

(FT-ICR) mass spectrometry 46, 
46, 47

free induction decay (FID) 32
frequency sweep, nuclear magnetic resonance 

(NMR) spectrometry 32–33
furnace

differential scanning calorimetry (DSC) 
167–168

thermogravimetric analysis (TGA) 164

gas chromatography (GC) 65–73, 72, 255
hybrid instruments 104

with infrared spectrometry (GC-IR) 105–106
with infrared spectrometry and mass 

spectrometry (GC-IR-MS) 108
with mass spectrometry (GC-MS) 46, 72, 

106–107, 108, 188–189
 portable 213

multidimensional 73
on-chip 268–269
on-line 243–244
portable 186–187

schematic diagram 66
gas chromatography-gas chromatography 

(GC-GC) 73
gas chromatography-mass spectrometry (GC-

MS) 46, 72, 106–107, 108, 188–189, 
213

gas-phase sample 21, 37
on-line 225

gas-sensing membrane electrode 151
Globar 18
glucose measurement 159, 200–205, 201
gradient ion chromatography (IC) 91
gradient programming, high-performance 

liquid chromatography (HPLC) 76
graphite furnace atomic absorption 

spectrometry (GFAAS) 51–52, 52
gravity injection, capillary electrophoresis 

(CE) 94, 95
ground state 9

H-fi lter 263, 271–272
Hach

2800 spectrophotometer 177
sensION156 meter 194

halogen-containing compounds 69
Hamilton Sundstrand Applied Instrument 

Technologies, FXi Series5 243, 244
hard ionisation, mass spectrometry 37–39
headspace analysis 67
heart-cutting, gas chromatography (GC) 73
heat sources 18
high-performance liquid chromatography 

(HPLC) 37, 75–89, 92
hybrid instruments 108

with atomic absorption spectrometry 
(LC-AAS) 109–110

with hydride generation atomic absorption 
spectrometry (LC-HGAAS) 
110, 111

with infrared spectrometry 108–109
with mass spectrometry (LC-MS) 86, 

110–115, 115
with nuclear magnetic resonance 

(LC-NMR) 117–118
with nuclear magnetic resonance-mass 

spectrometry (LC-NMR-MS) 
118–119, 118

with ultraviolet-mass spectrometry 
(LC-UV-MS) 115–117, 116

on-chip 271–272
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high-performance (continued)
on-line 244–245
operating principle 74–75
portable 188
schematic diagram 75

Hitachi TM-1000 190
HIV testing 208
HORIBA Jobin Yvon

CP20 183
RPA series 240
Skinscan 207, 208
Twin Cond 210
VS140 179, 192

hybrid instrument 46, 72, 103–121, 141–145, 
166

hydride generation atomic absorption 
spectrometry (HGAAS) 52

hydrodynamics 256–259, 264
hydrostatic injection, capillary electrophoresis 

(CE) 94, 95
hyperspectral imaging 142
hyphenated instrument 46, 72, 103–121, 

141–145, 166

in-line sampling 224, 224
in-process analysis 226–229
in-process sampling 223–226
inductively coupled plasma-mass spectrometry 

(ICP-MS) 50, 58–60, 60
and liquid chromatography 110

inductively-coupled plasma-optical emission 
spectrometry (ICP-OES) 49–50, 
53–57, 57

Infi con Hapsite 188–189
infrared (IR) absorption, vibrational 

modes 16
infrared (IR) spectrometry 141, 234, 238–239

instrument 18–25
operating principle 15–18
complementarity with Raman spectra 24
dispersive 238
with gas chromatography (GC-IR) 105–106, 

108
portable 180

InGaAs (indium gallium arsenic) charge-
coupled device (CCD) 13, 
22, 237

injection system
capillary electrophoresis (CE) 95
fl ow injection analysis (FIA) 231

supercritical fl uid chromatography (SFC) 
102

InPhotonics Inphotote 181–182, 182
Institute for Technical Chemistry and 

Macromolecular Chemistry, 
Germany 184

instrument
defi nition 3–4, 4
selection 4–5

inter-system crossing (ISC) 28, 29
interface

gas chromatography-infrared spectrometry 
(GC-IR) 105

gas chromatography-mass spectrometry 
(GC-MS) 106–107

inductively coupled plasma-mass 
spectrometry (ICP-MS) 59

liquid chromatography-atomic absorption 
spectrometry (LC-AAS) 110

liquid chromatography-infrared 
spectrometry (LC-IR) 109

liquid chromatography-mass spectrometry 
(LC-MS) 112

liquid chromatography-nuclear magnetic 
resonance (LC-NMR) 117

liquid chromatography-nuclear magnetic 
resonance-mass spectrometry 
(LC-NMR-MS) 119

interferometer 12, 17, 19–20, 238, 239
intermediate tube, inductively-coupled 

plasma-optical emission 
spectrometry (ICP-OES) 55

ion chromatography (IC) 89–92
ion mobility spectrometry (IMS) 214
ion selective electrode (ISE) potentiometry 

148, 233
on-chip 263–264
portable 194

ion trap 113, 114, see also quadrupole ion trap
ion-exchange high-performance liquid 

chromatography (HPLC) 79
ion-suppression high-performance liquid 

chromatography (HPLC) 79
ionisation techniques

gas chromatography-mass spectrometry 
(GC-MS) 107

liquid chromatography-mass spectrometry 
(LC-MS) 114

mass spectrometry 37–42
atmospheric-pressure 47
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ionspray interface, liquid chromatography-
mass spectrometry 112

isomers 108, 115, 115–117

J&M TIDAS II 236
Jacquinot advantage 17
Jasco Corporation 15, 23, 87, 103
Jenway Enterprise470 conductivity meter 

195–196
Jeol

JSM-7700F 132
JSPM-5200 140

Kaiser instruments 240
kinetic discrimination and kinetic 

enhancement, fl ow injection analysis 
(FIA) 232

Kore Technology MS-200 185–186

lab-on-a-chip (LOC) 253, 255
manufacture 261–262
capillary electrophoresis (CE) 269–270
high-performance liquid chromatography 

(HPLC) 271–272
mass spectrometry 263, 266–267, 270
nuclear magnetic resonance (NMR) 

spectrometry 267–268
spectral imaging 272–273
spectrophotometry 263

lab-on-valve (LOV) 253, 264–266
Laboratory Connections 109
laboratory integrated management system 

(LIMS) 246–247
LaMotte, SMART Spectro 177
lamp, as source in spectrophotometry 12
large molecules 40, 73, 86, 98
laser

fl uorescence spectrometry 31
as infrared (IR) and Raman radiation 

source 18
laser ablation 53, 60
laser-induced fl uorescence (LIF) 31
LC see high-performance liquid 

chromatography (HPLC)
LC Packings 87
light emitting diode (LED) 176, 260–261
light (optical) microscopy 125–127, 

126, 130
portable 190
in spectral imaging 142

light scattering detector, high-performance 
liquid chromatography (HPLC) 82

lightpipe interface, gas chromatography-
infrared spectrometry (GC-IR) 
105–106, 105

limit of detection (LOD)
capillary electrophoresis (CE) 100
differential scanning calorimetry 

(DSC) 169
inductively coupled plasma-mass 

spectrometry (ICP-MS) 60
ion chromatography (IC) 91
Raman spectrometry 25
see also sensitivity

line cut, scanning tunnelling microscopy 
(STM) 137

line spectra, inductively-coupled plasma-optical 
emission spectrometry (ICP-OES) 54

liquid chromatography see high-performance 
liquid chromatography

liquid chromatography-atomic absorption 
spectrometry (LC-AAS) 109–110

liquid chromatography-hydride generation 
atomic absorption spectrometry 
(LC-HGAAS) 110, 111

liquid chromatography-infrared spectrometry 
(LC-IR) 108–109

liquid chromatography-mass spectrometry 
(LC-MS) 86, 110–115, 115

liquid chromatography-nuclear magnetic 
resonance (LC-NMR) 117–118

liquid chromatography-nuclear magnetic 
resonance-mass spectrometry 
(LC-NMR-MS) 118–119, 118

liquid chromatography-ultraviolet-mass 
spectrometry (LC-UV-MS) 115–117, 
116

liquid crystal display (LCD) 176
liquid membrane electrode 150–151
liquids

inductively coupled plasma-mass 
spectrometry (ICP-MS) 58

lab-on-a-chip (LOC) 256–259
luminescence spectrometry 25–30, 25, 234
Lutron pH-201 193

m/z (mass-to-charge ratio) 36
magnetic interference, in nuclear magnetic 

resonance-mass spectrometry 
(NMR-MS) hybrid systems 119
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magnetic moment 31
magnetic resonance imaging (MRI) 35–36, 184
magnetic sector mass spectrometry 46, 107
mass analyser

mass spectrometry (MS) 42–46
hybrid instruments

gas chromatography-mass spectrometry 
(GC-MS) 107

liquid chromatography-mass spectrometry 
(LC-MS) 113

mass spectrometry (MS) 36–48, 58–60, 212
operating principle 36
with high-performance liquid 

chromatography (HPLC) 86
hybrid instruments

with capillary electrophoresis (CE-MS) 
120–121

with gas chromatography (GC-MS) 108, 
188–189

 portable 188–189
with liquid chromatography 110–115
with nuclear magnetic resonance 

(NMR-MS) 118–119
with thermogravimetric analysis 

(TGA-MS) 166
on-chip 263, 266–267, 270
on-line 241–242
portable 184–186, 212–214
schematic diagram 37

mass spectrometry-mass spectrometry 48, 49, 
121

mass-to-charge ratio (m/z) 36
matrix-assisted laser desorption ionisation 

(MALDI) 40–42, 41, 45
medicine 35–36, 161, 200–209, 263, 

275–276
see also drugs

metals 53, 60, 110, 159
Mettler Toledo instruments

InPro 7200 246
MonaARC 238–239

micellar electrokinetic capillary 
chromatography (MECK or MECC) 
96–97

Michelson interferometer 19–20, 19, 20, 238, 
239

microfabrication 261–262
microscale physical processes 264
microscopy

confocal 127–129, 128, 141

electron 129–135, 130
light (optical) 125–127, 130

portable 190
scanning probe 135–141

portable 190–191
combined with spectrophotometry (spectral 

imaging) 142–145
microsequential injection-lab-on-valve 

(µSI-LOV) 266
military applications 212
miniaturisation 175–176, 254, 258–259, 261
MiniMed Paradigm REAL-Time System 

204–205
MiraTes HIV HomeTest 208
mobile phase 65

gas chromatography (GC) 66
high-performance liquid chromatography 

(HPLC) 75, 77, 79, 82
ion chromatography (IC) 90
supercritical fl uid chromatography (SFC) 

100, 102
modulated differential scanning calorimetry 

(MDSC) 169
molecular spectrometry 9, see also 

spectrophotometry, infrared 
spectrometry, Raman spectrometry, 
nuclear magnetic resonance 
spectrometry, mass spectrometry

molecular-imprinted polymer (MIP) 80
monochannel spectrophotometer 11, 11
monochromator 12, 29, 83–84

atomic absorption spectrometry 
(AAS) 52

inductively-coupled plasma-optical emission 
spectrometry (ICP-OES) 56

multichannel advantage 12
multichannel spectrophotometry 12, 13
multispectral imaging 142
µTAS (micro total analysis system) 253, 

255–256, 264–265

Nanoport lab-on-chip system 261
Nanosurf Mobile S Cordless 191–192
near-fi eld optical microscopy (NFOM) 127
near-infrared (NIR) spectral imaging 

142–143
near-infrared (NIR) spectrophotometry 

14, 15, 234
operating principles 9–11
portable 179–180
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in spectral imaging 142–143
near-infrared refl ectance analysis (NIRA) 

236–238
Nersnt glower 18
Newport OSM-400 178
NIR see near-infrared
nitro compounds 69
nitrogen phosphorus detector (NPD) 68–69
non contact mode, atomic force microscopy 

(AFM) 139
non-aqueous capillary electrophoresis (NACE) 

99–100, 99
non-suppressed ion chromatography (IC) 89
nuclear magnetic resonance (NMR) 

spectrometry 31–36, 33
hybrid instruments, with liquid 

chromatography (LC-NMR) 117–118, 
118–119

on-chip 267–268
on-line 242
portable 183–184
schematic diagram 32
used with mass spectrometry and infrared 

(IR) spectrometry 36

Ocean Optics USB4000 series 178, 179, 183
off-line sampling 224, 224
on-column injection, gas chromatography 

(GC) 67
on-line instruments 220–221
on-line sampling 224, 224
open-split interface, gas chromatography-mass 

spectrometry (GC-MS) 107
optical emission spectrometry (OES) 49
optical fi bres 12, 21, 30, 176

in process analysis 234, 235, 236, 238, 239, 
259–260

optical microscopy 125–127
portable 190
in spectral imaging 142

organic compounds 9–10, 27, 32, 68, 74
outer tube, inductively-coupled plasma-optical 

emission spectrometry (ICP-OES) 55
output device, defi nition 3–4, 4

packed column, gas chromatography (GC) 68
Palm Instruments PalmSens 195
path length, spectrophotometry 12
PC, as output device 22, 30, 47, 72, 90, 126
PDA (photodiode array) 12, 22, 84

Peak Laboratories LLC PP1 243–244
performance criteria for instruments 5
Perkin Elmer, Inc. 57
pesticides 68
petrochemicals 243
pH measurement 147

on-line 245
portable 193, 209

pharmaceuticals 48, 99, 140, 143, 169, 229
cancer drugs 31

phosphorescence 28
photodiode 261, see also photodiode array
photodiode array (PDA) 12, 22, 84
photoionization detector (PID) 69–70, 70
photolithography 262
photomultiplier tube (PMT) 12, 53, 56, 128
Photovac Voyager GC 187
plasma 54, 55
point-of-care (POC) technology 200–208

benefi ts 200–201
Polychromix Phazir 180
polymers 166
portable instruments, advantages 175–176
potentiometry 147–154, 228, 272

on-chip 263–264
on-line 245–246
portable 194–195
see also voltammetry

potentiostat 152–153, 155, 194–195
power supply, capillary electrophoresis (CE) 

94
pregnancy testing 208
pressure-driven fl ow 257
prism 12
probe

atomic force microscopy (AFM) 138, 140
fl ow injection analysis (FIA) 234–235, 235
nuclear magnetic resonance (NMR) 

117–118
Raman spectrometry 239
see also electrode

process analysis 219–221, 226–229, 230
sampling point 225, 229
gas chromatography (GC) 243–244
high-performance liquid chromatography 

(HPLC) 244–245
infrared (IR) spectrometry 238–239
mass spectrometry (MS) 241–242
Raman spectrometry 239–240
spectral imaging 245
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spectrophotometry 236–238
Process Analytical Technology (PAT) initiative 

219–220
process control 229
proteomics 88–89, 88, 99, 114–115, 121, 138, 

143, 274, 275
prothombin time (PT) blood coagulation 

testing 206
pulse damping, high-performance liquid 

chromatography (HPLC) 76
pulsed nuclear magnetic resonance (NMR) 33
pump

miniaturisation 258–259, 258
high-performance liquid chromatography 

(HPLC) 75–76, 76
ion chromatography (IC) 90
supercritical fl uid chromatography (SFC) 

100, 101
purge and trap 73

quadrupole ion trap (QIT) 44, 107, 113, 121
qualitative analysis

atomic absorption spectrometry (AAS) 53
capillary electrophoresis (CE) 97–98
confocal microscopy 128
differential scanning calorimetry (DSC) 

167, 168
gas chromatography (GC) 72
high-performance liquid chromatography 

(HPLC) 86
inductively coupled plasma-mass 

spectrometry (ICP-MS) 59
infrared (IR) spectrometry 16–17
ion chromatography (IC) 91
liquid chromatography-mass spectrometry 

(LC�MS) 86
mass spectrometry 36, 47
near infrared refl ectance analysis (NIRA) 

237–238
NIR spectrometry 236
nuclear magnetic resonance (NMR) 

spectrometry 32
scanning electron microscopy (SEM) 

131–132
scanning tunnelling microscopy (STM) 137
supercritical fl uid chromatography (SFC) 

102
transmission electron microscopy (TEM) 

134
voltammetry 156

X-ray diffraction (XRD) 171
quality of result, performance criteria 5
quantitation 14

atomic absorption spectrometry (AAS) 53
capillary electrophoresis (CE) 98
conductimetry 160
differential scanning calorimetry (DSC) 

167, 169
fl uorescence spectrometry 31
gas chromatography (GC) 67, 74
high-performance liquid chromatography 

(HPLC) 86
ion chromatography (IC) 91
ion selective electrode (ISE) potentiometry 

153
IR and Raman spectrometry 23
IR spectrometry 24
mass spectrometry 36, 47
near infrared refl ectance analysis (NIRA) 

237–238
NIR spectrometry 236
nuclear magnetic resonance (NMR) 

spectrometry 36
scanning electron microscopy (SEM) 133
supercritical fl uid chromatography (SFC) 

102
thermogravimetric analysis (TGA) 168
voltammetry 156
X-ray diffraction (XRD) 171

quantum tunnelling 136
quartz cuvette 12

radiofrequency (RF) transmitter 32–33
Raleigh scattering 82
Raman effect 17

see also resonance Raman effect
Raman radiation 15
Raman spectrometry 15–25, 234

schematic diagram 19
signal intensity 24
complementarity with infrared (IR) spectra 24
on-line 239–240
portable 181–182
spectral imaging 143–144

Raman Systems RSLPlus 182
Rayson, G. 3–4
reagent-free ion chromatography (RFIC) 91
reference electrode, voltammetry 155
reference solution 9
refl ectance photometry 200–201, 206, 207
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refl ectance spectrometry 21
refractive index (RI) detector 272

high-performance liquid chromatography 
(HPLC) 80–81, 81

remote sensing 211–212, 212, 262
resolution

atomic force microscopy (AFM) 138
light (optical) microscopy 125
scanning electron microscopy (SEM) 133
scanning tunnelling microscopy (STM) 135
spectral imaging, on-chip 272
transmission electron microscopy (TEM) 133
ultraviolet spectrophotometry, portable 177, 

178
resonance Raman (RR) effect 17, 24
resonance states 31–32
reversed-phase high-performance liquid 

chromatography (HPLC) 75, 78, 
78–79

Roche CoaguCheck XS 207
Roche Diagnostics

Accu-Check Compact Plus 201
AmpliChip CYP450 275

rotating disk electrode 158
RR (resonance Raman effect) 17, 24

sample
defi nition 3–4, 4
types

aqueous 11, 21, 30, 89, 138
biological 131, 135, 263
low-temperature 30
polar 21

atomic absorption spectrometry (AAS) 51
capillary electrophoresis (CE) 95
fl ame atomic absorption spectrometry 

(FAAS) 51
fl uorescence spectrometry 29–30
high-performance liquid chromatography 

(HPLC) 77
in-process sampling 223–226
inductively coupled plasma-mass 

spectrometry (ICP-MS) 58
ion chromatography (IC) 90, see also 

sample, high-performance liquid 
chromatography (HPLC)

ion selective electrode (ISE) potentiometry 
152

IR and Raman spectrometry 21–22
lab-on-a-chip (LOC) 263

mass spectrometry (MS) 37
microscopy

atomic force (AFM) 139
light (optical) 126
scanning electron (SEM) 131
scanning tunnelling (STM) 136
transmission electron (TEM) 134

nuclear magnetic resonance (NMR) 
spectrometry 33

spectrophotometry 12
supercritical fl uid chromatography (SFC) 

102, see also sample, high-
performance liquid chromatography

thermogravimetric analysis (TGA) 164
voltammetry 155
X-ray diffraction (XRD) 171

sample inlet, on-line gas chromatography 
(GC) 243

sample preparation
automated, high-performance liquid 

chromatography (HPLC) 87
fl ow injection analysis (FIA) 232
gas chromatography (GC) 72–73
IR spectrometry 21
lab-on-a-chip (LOC) 263
Raman spectrometry 22

Sartorius AirPort MD8 212
Scalar DG-3 190
scanning electron microscopy (SEM) 

129–133
environmental 132
schematic diagram 131

scanning probe microscopy 135–141
scanning transmission electron microscopy 

(STEM) 134
scanning tunnelling microscopy (STM)

electrochemical 137
schematic diagram 136, 137

security applications 212
sediment analysis 211
selected ion monitoring (SIM) 113
selection of analytical techniques and 

instruments 4–5
selectivity, ion selective electrode (ISE) 

potentiometry 149
semiconductor electrode 152
sensitivity

blood glucose testing 202
capillary electrophoresis (CE) 95, 98

on-chip 270
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sensitivity (continued)
gas chromatography (GC) 68
high-performance liquid chromatography 

(HPLC) 75, 81, 82, 84, 85
on-chip 272

ion chromatography (IC) 92
mass spectrometry 36, 118–119
nuclear magnetic resonance (NMR) 119
portable instrumentation 175
spectrophotometry 14
see also limit of detection

separation instruments 5
sequential injection analysis (SIA) 233
Sheen Instruments HI-991300 209, 210
Shimadzu 14, 113–114
signal integration, nuclear magnetic resonance 

(NMR) spectrometry 34
signal intensity, Raman spectrometry 24
signal-to-noise ratio

Fourier Transform infrared (FTIR) 
spectrometry 17

(S/N) spectrophotometry 13
signal-to-noise ratio (S/N)

IR spectrometry 13
nuclear magnetic resonance (NMR) 

spectrometry 33, 34
spectral imaging 141
spectrophotometry 12

single beam atomic absorption spectrometry 
(AAS) 52

single beam spectrophotometer 11
single crystal diffraction 170
single nucleotide polymorphism 275
size exclusion high-performance liquid 

chromatography (HPLC) 80
soft ionisation, mass spectrometry 39–40
soil testing 211
solid phase microextraction, gas 

chromatography (GC) 73
solids

atomic absorption spectrometry 
(AAS) 53

inductively coupled plasma-mass 
spectrometry (ICP-MS) 58

IR and Raman spectrometry 21
sampling 225

solute property detector, high-performance 
liquid chromatography (HPLC) 80, 
82–86

solvent

ion chromatography (IC) 90, 91
liquid chromatography-nuclear magnetic 

resonance (LC-NMR) 117
liquid chromatography-nuclear magnetic 

resonance-mass spectrometry (LC-
NMR-MS) 119

supercritical fl uid chromatography (SFC) 
101

Sontra Symphony 205
source

defi nition 3–4, 4
atomic absorption spectrometry (AAS) 

50–51
capillary electrophoresis (CE) 94
differential scanning calorimetry 

(DSC) 167
fl uorescence spectrometry 29
Fourier Transform infrared (FTIR) 

spectrometer 18
FT-Raman spectrometer 18
gas chromatography (GC) 66
high-performance liquid chromatography 

(HPLC) 75–76
inductively coupled plasma-mass 

spectrometry (ICP-MS) 58, see also 
source, inductively-coupled plasma-
optical emission spectrometry 
(ICP-OES)

inductively-coupled plasma-optical emission 
spectrometry (ICP-OES) 54–55

ion chromatography (IC) 90
ion selective electrode (ISE) potentiometry 

148
light (optical) microscopy 126
nuclear magnetic resonance (NMR) 

spectrometry 32–33
scanning electron microscope (SEM) 130
scanning tunnelling microscopy (STM) 136
spectrophotometry 12
thermogravimetric analysis (TGA) 164
transmission electron microscopy (TEM) 134

specifi c ion colorimetry 210
spectra

absorption 10–11, 14
fl uorescence spectrometry 28, 30–31
infrared (IR) spectrometry 16–17
nuclear magnetic resonance (NMR) 

spectrometry 34
spectrophotometry 10–11, 14

Spectral Dimensions Blend Monitor 245
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spectral imaging 141–145
on-chip 272–273
on-line 245
portable 192

Spectro Analytical SPECTRO iSORT 186, 186
spectrofl uorometry see fl uorescence 

spectrometry
Spectromed/Spectrolab Mediscreen 207
spectrometry

infrared (IR) see infrared spectrometry
molecular 9–48

defi nition 9
Raman 15–25, 143–144
see also spectrophotometry, mass 

spectrometry
spectrophotometry

defi nition 9
instrument components 11–14
near-infrared (NIR) 14, 15, 141, 234

portable 179–180
portable 192
ultraviolet (UV) 9–15, 15, 236

as detector in liquid chromatography 
82–84

portable 177–179
in spectral imaging 141, 142

visible spectrum (Vis) 9–15, 141, 236
multichannel 12, 13
on-chip 263

spin 31, 35, 35
split and splitless injection, gas 

chromatography (GC) 66–67
SRI Instruments 210D 188
static mercury drop electrode (SMDE) 155, 

156–157
stationary phase

gas chromatography (GC) 65–66, 68
high-performance liquid chromatography 

(HPLC) 78
Stokes shift 17, 27
supercritical fl uid chromatography (SFC) 

100–103
schematic diagram 101

supercritical fl uid extraction (SFE) 102–103
supercriticality 100
suppressed ion chromatography (IC) 89, 90, 

91, 91
surface acoustic wave (SAW) 214, 268–269
surface enhanced laser desorption ionisation 

(SELDI) 42

surface enhanced Raman spectroscopy (SERS) 
24–25

Syagen FieldMate 213

tandem mass spectrometry 48, 49, 121
temperature control, gas chromatography (GC) 

67
tetramethylsilane (TMS) 34
thermal conductivity detector (TCD) 71–72, 71
thermistor 160
Thermo Electron Corporation 23

MIRAN 180–181
Orion 194, 210
VG Prima δB 241

Thermo Fisher Scientifi c 87
thermoanalytical instrument 5
thermogravimetric analysis (TGA) 163–166, 

164
and spectrometry 166

thermogravimetric (TG) curve 163, 165
throughput advantage 12
Tidas MSP 400/800 192
time-of-fl ight (TOF) mass spectrometry 

44–45, 107, 121
torch (plasma source) 54, 55
total analysis system (TAS) 253
total ion current (TIC) 113
transition peak 27
transmission electron microscopy (TEM) 

133–135
schematic diagram 133

transmission quadrupole 43–44, 43
TRIDET (trifunctional detector) 86
triple quadrupole 43–44, 113
tubular column, open, gas chromatography 

(GC) 67–68, 67
Turner Biosystems 183

ultramicroelectrode 159
ultraspectral imaging 142
ultraviolet (UV) source 29
ultraviolet (UV) spectrophotometry 9–15, 15, 

141, 236
and fl uorescence spectrometry 27–28
with high-performance liquid 

chromatography (HPLC) 82–84, 82
portable 177–179
in spectral imaging 142

Uniscan Instruments PG580 potentiostat 
194–195, 194
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urea electrode 152
UV see ultraviolet

Varian CP-4900 187
Veeco Caliber Mini SPM 191
vibrational states

fl uorescence 26–27, 26, 28
IR absorption 16

visible spectrum (Vis) microscopy see optical 
microscopy

visible spectrum (Vis) spectrophotometry 
9–15, 141, 236

voltammetry 154–159, 154
voltmeter, ion selective electrode (ISE) 

152–153

water quality monitoring 209–210
Waters Corp. 87
wavelength selector, spectrophotometer 12
weight loss profi le, thermogravimetric analysis 

(TGA) 163, 165
Wilks Enterprise InfraRan Specifi c Vapour 

Analyser 212
wireless technology 262
working electrode, voltammetry 155

X-ray diffraction (XRD) 170–171
compared with differential scanning 

calorimetry (DSC) 169

Z-cell, capillary electrophoresis (CE) 98, 98


