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absorbance, 25 bathochromic effect, 26
absorption, 15 BigDyes™, 52
dipole moment, 57 binding constant, 184
allowed transition, 5 bioluminescence, 54, 62
amino acid sequencing resonance energy transfer, 54
by tandem mass spectrometry, 167 biomass concentration
amphiphilic molecule, 188 determination, 25
amplified luminescent proximity biotin, 187
homogeneous assay (ALPHA Bohr
screen), 63-4 atom model, 11
amplitude contrast, 117 magneton, 96
analytical ultracentrifugation, 151 Bradford assay, 34
angular resolution, 115 Bragg’s law, 128
angular velocity, 148 Bremsstrahlung, 116, 129
anisotropy, 57 Brewster angle microscope, 191
ANS (1-anilino-8-naphthalene sulfonate), 46 Brownian motion, 76
anti-Stokes line, 78-9, 84 buoyant
aperture, 115, 128 density, 155
association constant, 184 force, 149
atmospheric pressure
chemical ionisation (APCI), 161 caffeine, 28
photo-ionisation (APPI), 161 calibration curve, 31
atomic fluorescence, 12, 125 calorimetry, 169
atomic force microscopy (AFM), 194 differential scanning (DSC), 176
atomic orbitals, 10 isothermal titration (ITC), 170
atomic spectroscopy carotenoids, 18
absorption, 10 centrifugal force, 148
emission, 10 chelator, 47
fluorescence, 13 chemical ionisation (CI), 158
ATP (adenosine triphosphate) chemical shift, 105
concentration determination by chemiluminescence, 62
bioluminescence, 63 chiral compounds, 66
attenuance, 25 chromophore, 15
attenuated total reflection (ATR), 87 protein, 17
Fourier transform infrared spectroscopy circular dichroism (CD), 68
with attenuated total reflection spectrometer, 71
(FTIR-ATR), 87 time-resolved CD spectroscopy, 73
Auger electrons, 116 circularly polarised light, 66
coenzyme, 18
b ions, 167 coherent light, 8, 138
back-scattered electrons, 116, 121 colloidal gold, 124
band spectra, 5 colorimeter, 31
bandwidth, 28 continuous wave method, 103
colorimeter, 31 contrast
spectrophotometer, 29 in electron microscopy, 116
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contrast (cont.)
in small-angle scattering, 142
in transmission electron microscopy, 119
corona discharge, 161
critical angle, 182
cryo-electron microscopy, 126
cryo-probe technology, 112
crystal field theory, 23
crystallographic information file (CIF), 136
cyan fluorescent protein, 61

d-d electronic transition, 22, 70
de Broglie hypothesis, 116, 129
Debye-Scherrer

camera, 135

rings, 133-4, 141
derivative spectroscopy, 33
deshielding (NMR), 106, 109
diamagnetism, 95
dielectric constant, 27
difference spectroscopy, 32
differential scanning

calorimetry (DSC), 176

fluorimetry (DSF), 59
diffraction

electrons, 127

fibre, 134

grating, 29

pattern, 132

powder, 134

single crystal, 132

single molecule, 137

X-rays, 130
diffusion coefficient, 76, 153
diode array detector, 30
dipole moment, 4

absorption, 58

peptide bond, 4

transition, 5, 50
direct analysis in real time (DART), 161
direct methods, 131
dissipation factor, 186
dissociation constant, 184
distortionless enhancement by polarisation

transfer (DEPT), 109
DSS (2,2-dimethyl-2-silapentane-5-sulfonate),
105

dynode, 165

elastic scattering
electrons, 118
light, 75

electric energy, 163
electromagnetic radiation, 1
infrared region, 78
interaction with matter, 3
properties, 1
electron crystallography, 127
electron density, 133
map, 130
electron double resonance (ELDOR),
98
electron energy loss spectroscopy (EELS),
119, 126
electron impact ionisation (EI), 157
electron multiplier, 166
electron nuclear double resonance (ENDOR),
97
electron paramagnetic resonance
(EPR, ESR), 97
electron tomography, 123
electrospray ionisation (ESI), 160
element identification, 12, 14, 127
elliptically polarised light, 67
ellipticity, 69
mean residue, 70
molar, 69
emission spectrum, 43
energy diagram
diatomic molecule, 4
enthalpy, 169
entropy, 175
evanescent field, 182,
excitation spectrum, 42
extrinsic fluorescence, 43, 45

FAD (flavin adenine dinucleotide)
UV/Vis absorption, 18
Faraday cup, 165
fast atom bombardment (FAB), 158
femtosecond laser, 141
ferromagnetism, 95
fingerprint region, 82
fluorescence, 37
cross-correlation spectroscopy, 59
decay, 49
empirical rules, 45
lifetime, 40, 43, 48
polarisation, 56
quenching processes, 47
recovery after photobleaching, 55
resonance energy transfer, 54
steady-state measurement, 48
time-resolved measurement, 49
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fluorophore, 39
FMN (flavin mononucleotide)
bioluminescence assay, 64
forbidden transition, 5
force spectroscopy, 199-200
form factor, 75, 142
Forster radius, 51
Fourier transform
infrared spectroscopy (FTIR), 86
ion cyclotron resonance (FT-ICR, FT-MS),
164
Fourier transformation, 103, 128,
133, 165
Fourier-Bessel transformation, 134
Franck-Condon principle, 39
free energy, 169, 175
free induction decay, 72, 103, 109, 164
friction
coefficient, 149
frictional force, 149
Stokes’ law, 149

Gibbs’ energy, 169, 175
grating, 28

gravitational field, 148
green fluorescent protein, 54
gross selection rules, 82
Guinier camera, 135

Guoy balance, 96

haemoglobin, 18

hard ionisation, 157

harmonic oscillator, 80

Hasteloy, 170

heat capacity, 169

heteronuclear single quantum correlation
(HSQQ), 109

high-angle annular dark-field scanning
transmission electron microscopy
(HAADF-STEM), 126

high-performance liquid chromatography
(HPLC), 166

high-pressure freezing, 126

hit validation, 113

HOMO-LUMO gap energy, 16, 21

Hooke’s law, 80, 198

Hund’s rule, 10

hyaluronan, 187

hydrodynamic radius, 76

hydrogen-deuterium (H/D) exchange,
107

hyperchromic effect, 27

INDEX

hyperfine splitting, 97, 106

hypochromic effect, 27
DNA, 21

hypsochromic effect, 26, 46

inductively coupled plasma (ICP), 12
inelastic scattering
electrons, 118
light, 77
infrared light
CD spectroscopy, 70
fluorescence resonance energy transfer
(FRET), 52
region, 1
surface plasmon resonance, 183
infrared spectroscopy, 78
absorption regions, 83
inner filter effect, 42
interaction volume, 120
interference, 128
interferogram, 86
internal conversion (IC), 38
internal energy, 168
intersystem crossing (ISC), 41
intrinsic fluorescence, 44
quenching, 45
ionisation energy, 157
ionised atomic plasma, 141
isotherm, 189
isothermal titration calorimetry,
170
isotropic scattering, 79

J-coupling, 106
Jablonski diagram, 38

kinetic
energy, 163
force, 161

Klett meter, 25

klystron, 98

Lambert-Beer law, 25
Langmuir-Blodgett method, 187
Larmor frequency, 102
lateral surface pressure, 189
Lennard-Jones potential, 4, 37
ligand field theory, 22
light, 1
circularly polarised, 66
coherent, 8, 138
interaction with matter, 3
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light (cont.)
linearly polarised, 56, 66
plane polarised, 56, 66
light scattering
dynamic, 76
elastic, 75
inelastic, 77
multi-angle, 76
quasi-elastic, 76
small-angle, 142
static, 75
light source
infrared, 86
Raman spectroscopy, 85
UV/Vis, 28
X-rays, 129
linear combination of atomic orbitals
(LCAO), 5
linearly polarised light, 56, 66
liquid chromatography, 166
longitudinal relaxation time, 102
Lorentz force, 161
Lowry assay, 34
luciferase, 54, 62
luminescence, 62
luminescent oxygen channelling
immunoassay (LOCI), 64
luminol, 62

magic angle spinning, 110
magnetic moment, 96
magnetic resonance imaging (MRI), 111,
114
magnetic susceptibility, 95
magnetism, 95
mass-to-charge ratio, 161
matrix-assisted laser desorption/ionisation
(MALDI), 159
mean residue ellipticity, 72
melting temperature, 59
metalloproteins, 99
Michelson interferometer, 86
microperoxidase, 63
Miller indices, 129
molar absorption coefficient, 25
increment, 36
molecular mass determination
by centrifugation, 153
by electrospray mass spectrometry
(ESI-MS), 166
by multi-angle light scattering (MALS), 76
molecular orbitals, 8

molecular replacement, 130
molecular transitions, 3
momentum transfer, 143
monochromator
fluorescence, 41
UV/Vis, 28
Morse potential, 81
MS fingerprinting, 167
multi-angle light scattering (MALS), 76
multi-wavelength anomalous diffraction
(MAD), 130
multiple isomorphous replacement (MIR),
130
multiplicity
in nuclear magnetic resonance (NMR),
106
spin, 7
mutarotation, 65

NADH (nicotinamide adenine dinucleotide)
bioluminescence assay, 64
UV/Vis absorption, 18
nano-electrospray ionisation (NanoESI), 160
nanoparticle tracking analysis, 77
nephelometer, 25
Newton'’s second law of motion, 161
nicotinamide adenine dinucleotide phosphate
(NADPH)
bioluminescence assay, 64
nitrobenzoxadiazole, 55
non-radiative transition, 38
nuclear magnetic resonance (NMR)
spectroscopy, 101
nuclear magnetic spin, 102
nuclear Overhauser effect, 108, 113
nucleons, 95
number of
neutrons (N), 95, 101
nucleons (Z), 95, 101
protons (P), 95, 101

off-rate constant, 184
off-resonance saturation, 113
on-rate constant, 184
on-resonance saturation, 113
opsin, 19

optical density, 25

optical rotatory dispersion (ORD), 67
optically active isomers, 65
order parameter, 100
orientation effect, 27
osmium tetroxide, 119
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oxygen
chemiluminescence, 63
singlet state, 64
triplet state, 64

p-polarisation, 192
pair distance distribution function, 143
paramagnetism, 95
partial specific volume, 149
Pauli
principle, 10, 95
repulsion, 4
phase
contrast, 117
problem, 130
phospholipid, 188
phosphorescence, 41, 119
photo-ionisation, 159
photon correlation spectroscopy, 76
photosensitiser, 64
phthalocyanine, 64
piezoelectric effect, 185
plane-polarised light, 56, 66
plasmon wave, 182
polarimetry, 67
polarisation, 57
circular, 66
elliptical, 67
linear, 56, 66
p-, 192
plane, 57, 66
s-, 192
polyenes, 22
porphyrin, 18
prism, 28
probe
in electron microscopy, 120
protein
aggregates, 32
concentration determination, 34
conformational changes, 33
intrinsic fluorophores, 44
number of aromatic amino acids, 33
quantification, 31
quantification of aromatic amino acids,
33
UV/Vis spectrum, 31
Protein Data Bank (PDB), 136
protein identification
by mass spectrometry, 168
proton decoupling, 109
pulse sequence, 105

INDEX

quadrupole
analyser, 162
ion trap analyser, 162
quantum yield, 40
quartz crystal microbalance (QCM), 184
quasi-elastic scattering
light, 76

R-factor, 131
radius of gyration, 144
Raman
effect, 84
spectroscopy, 78, 84
spectrum, 78, 85
Rayleigh
criterion, 115
interference optics, 152
ratio, 75
scattering, 32, 75, 79, 142
reciprocal space, 132
red fluorescent protein, 61
RedOx reactions
bioluminescence, 64
reduced mass, 80
reflectron, 165
refraction, 28
refractive index, 152, 181, 192
relative centrifugal field, 148
relaxation, 102
resolution, 115
in electron microscopy, 116
resolving power, 115
resonance condition, 3
retinal, 19
rota-vibrational spectroscopy, 78
selection rules, 79
rotating anode generator, 129
rotation correlation
coefficient, 43
time, 58

s-polarisation, 192

saturation transfer difference (STD) NMR, 113

Sauerbrey equation, 185

scalar coupling, 106

scanning electron microscopy (SEM), 120

scanning probe microscopy (SPM), 194

scanning transmission electron microscopy
(STEM), 121

scanning tunnelling microscopy, 194

scattering effects, 25

scattering length density, 143
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Schlieren optics, 152
secondary electrons, 116, 121
secondary structure, 73
sedimentation
behaviour, 151
coefficient, 150
density gradient, 155
equilibrium, 154
isopycnic, 155
velocity, 153
separation tube analyser, 165
serial block-face scanning electron
microscopy (SBEM), 123
serial femtosecond crystallography (SFX),
138, 140
shielding (NMR), 105, 109
single wavelength anomalous diffraction
(SAD), 131
slam freezing, 126
small-angle scattering, 142
Snell-Descartes’ law, 192
soft ionisation, 157
solvent perturbation, 33
solvent polarity, 27
Soret band, 18
space group, 133
spectrofluorimeter, 41
spectrophotometric techniques
assays, 34
energy range, 1
spectroscopic splitting factor, 96
spin
multiplicity, 5
singlet state, 7, 64
total, 5
triplet state, 7, 64
spin density, 114
spin label, 100
spin-lattice
interactions, 97
relaxation, 102
spin-spin
coupling, 106, 109
relaxation, 103
starch, 82
static magnetic analyser, 165
Stern-Volmer equation, 47
Stokes, 149
line, 77, 79, 84
radius, 76
shift, 39

Stokes-Einstein relationship, 76

Stokes’ law, 149

streptavidin, 187

structure factor, 131

surface-assisted laser desorption/ionization
(SALDI), 161

surface plasmon resonance (SPR), 181

surface pressure, 189

surface tension, 188

surfactant, 187

Svedberg unit, 150

SYBR Green, 47

synchrotron, 129

fourth-generation, 137
SYPRO Orange, 46, 59

tandem mass spectrometry analysis
(MS/MS), 164
thermal denaturation
circular dichroism (CD) spectroscopy,
74
differential scanning calorimetry (DSC),
177
fluorescence, 59
thiophene, 64
time-correlated single-photon counting,
49
time-of-flight (TOF) analyser, 163
TMS (tetramethyl silane), 105
tomography, 123
total internal reflection, 182
transition
allowed transition, 5
d-d electronic transition, 22, 70
dipole moment, 5, 50, 57
electronic transition, 15
forbidden transition, 5
peptide bond electronic transition, 17
transmission electron microscopy (TEM),
117
transmittance, 25
transverse magnetisation, 104
transverse relaxation time, 103

ultracentrifugation, 151
ultrahigh-performance liquid
chromatography (UPLC), 166
ultramicrotome, 123
ultraviolet (UV)
far-UV, 70
near-UV, 70
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vacuum UV, 69, 71 definition, 2
wavelength and energy range, 1 infrared (IR) spectroscopy, 83
UV/Vis spectrophotometer, 28 Raman spectroscopy, 85

Wilhelmy plate, 189
van der Waals attraction, 4

van't Hoff enthalpy, 178 X-ray

vibration, 78 diffraction, 130

virial coefficient, 75 free electron laser, 138
viscosity, 58 X-ray fluorescence microscopy,
vitamin A, 19 14

WaterLOGSY, 113 y ions, 167

wavenumber yellow fluorescent protein, 55, 61
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