Subject Index

a
Ac-part 66, 91
Adrenodoxin 293
Adsorption 118, 124, 126 ff.
Ag/AgCl electrode 15, 121
Amide A 156ft, 216
Amide I 156 fF, 159, 161 fF., 169, 199, 200,
213fF, 216
Amide I’ 157, 159, 160, 195, 212, 216
Amide I 156 ff,, 195, 198, 212, 216
Amide Il 156 fF, 171, 176
Amyloid fibrils 164
Anharmonic oscillator 24
Anharmonicity 168
Anion binding 216
Anion pump 214
Anion uptake 214ff,, 217
Anti-stokes 28 ff.
Adipodisation 92 ff.
ATR 108fF, 119, 122 ff, 161, 214 fF., 216,
276
— effective thickness 110ff.
— multiple reflection 111
— penetration depth 109 ff.
— single reflection 123
ATR-SEIRA  122fF., 258
Attenuated total reflection, see ATR
Azurin 284 ff.

b
Backbone 155
Background subtraction 103, 149
Backscattering 88, 116 ff., 131
Bacteriorhodopsin 5 ff., 133, 181, 215
- BR570 5
— IR 206ff.
- M410 5
Badger’s rule 286
Band fitting 150, 160, 173
Band widths, see line widths

Bathorhodopsin 185, 188f., 195, 197
Beam collimation 96

Beam splitter 65 ff.

Blue-shifted intermediate, see BSI
Born-Oppenheimer approximation 33
BSI 194

c
C=N stretching vibration 192, 199, 200,
208

BClabelling 163 ff.
Caged compound 141, 181, 217 ff.
Caged GTP 218ff.
Capillary flow system 105, 135 ff., 195, 207
Carboxyl group 202ff., 255, 273

— protonated 201, 208
Cartesian displacement coordinates 54
CCD  86ff, 147, 149
CD, see circular dichroism
Charge—transfer 283, 296

— transition 36, 233
Charged coupled device, see CCD

Circular dichroism 160, 161
-IR 167
- UV 160f, 167

— vibrational 167
Confocal spectrometer 87f., 117
Copper center, vibrational analysis
Copper proteins 284 ff.

—Cus 290

— isotopic labelling 285 ff.

—RR 284ff.

—type-1 284 ft., 287, 288, 290
—type-2 284ff, 287, 290
Core-size frequency relationship 234 ff., 237,

270
Counter electrode 114t 121
Counterion 194, 204, 206, 209, 215
Cryotrapping 207
Cylic voltammetry 114

285 ff.
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Subject Index

Cytochrome ¢ 126 ft., 230, 247
— conformational dynamics
267
— conformational equilibria 248 ff.
— electron transfer 260 ff.
— electrostatic immobilisation 260 ff.
— immobilisation 255 ff.
—IR 247ff, 251
— isotopic labelling 245
— photoreduction 247
— redox equilibria 246 ff., 256, 258 ff.
— SEIRA  258ff.
— SERR  254fL.
— reorganisation energy 264
—RR 245, 246, 249 ff.,, 253, 260
— unfolding 249, 253, 255
Cytochrome c oxidase 244, 268 ff.
— catalytic cycle 274 ff.
— CO complex 275
—Cus 290
— electron transfer 274
-1IR 271,277
— IR spectroelectrochemistry 273

248 ff,,

— redox transitions 271 ff.
- 180/10 isotopic shifts 175
~RR 268,275

d

2D-IR 167 ff.

— cross peak 169
Database 160
Dc-part 66
Delay time 76, 104, 133 ff., 144, 146 ff.,
240, 261, 275
Depolarisation ratio 30ff., 230 ff.
DFT 23ff, 36, 192, 234
Diamond ATR cell 113
Difference frequency generation 78
Diffunction 91
Dihedral angle 171
Di-iron center, vibrational analysis 296
Di-iron proteins 296 ff.
Dipole moment 25, 26, 55 ff.
Disc membranes 186, 195
Double difference spectrum 201

e

Elastic scattering 29, 85

Electric field effect 127, 129, 257 ff., 266
— conformational equilibrium 257 ff.

Electrical double layer 123, 127ff.

Electron transfer 118, 244, 260 ff., 268

Electron tunnelling 263

Electronic transition 31T, 34, 37, 101 ff.

Ethylenic stretching mode 287, 290, 292,
302, 208, 216

Excited state displacement 34

Excitonic sytem 162

f

Factor analysis 160
Faraday rotator 82 ff.
Felgett's advantage 70, 89
Ferredoxin 292, 294, 295
FG matrix 19ff., 21, 23ff,, 53 ff.

— F-matrix 21, 22, 23

— G-matrix 20, 22, 23, 53
Fluorescence 101 ff.

- quenching 104
Force constant 13, 16, 23 ff., 55ff., 59 ff.
Fourier transform 64T, 91, 94, 95
Fourier transform Raman 89 ff.
Fourier-transform infrared, see FTIR
Franck—Condon 33 ff., 37ff,, 58 ff.
Fresh sample condition 136 ff., 185
FTIR 90

g
Gated cw-excitation 137, 138, 147

Global fit 174, 210

— amplitude spectra 174, 210
Globular proteins 164
Gouy-Chapman theory 124
G-protein coupled receptor 204
Grating 84 ff.
Group theory 22
GTP hydrolysis 221
GTPase 218

h
1H/?H exchange
H/?H, 108
H,0, IR spectrum 100, 157
2H,0, IR spectrum 100, 157
Halorhodopsin 182, 214
Harmonic approximation 24, 26, 42
Harmonic oscillator 16, 44 ff., 55
Harmonic vibration 12
whelix 156fF, 160, 163, 173
Helmbholtz layer 124, 126
Heme 227
— coordination 228, 235 ff., 249
— formyl modes 232, 270
— high spin  235fF.
—low spin  235ff.
— Q-band 228ff., 231
— Soret band 228 ft., 231
—type-a 228, 231, 269

157, 159 fF, 173



—type-b 228, 231, 237

—type-c 228, 233

— vibrational analysis 237 ff., 245,

269

—vinyl modes 232, 238ft.,, 270
Heme protein 227 ff., 235
Hemerythrin 296 ff.

- 180/160 isotopic shifts 297 ff.

—-RR 236ff.
Hemoglobin 236 ff.

— CO complex 240ff.

—deoxy 237,238, 239 .

—IR 237,240fT

—met 237,238

—oxy 238

— Rstate 237, 239, 240 fF.

—RR 239, 240fF

—Tstate 237, 239, 240fF.

- UVRR 241ff
Herzberg—Teller 59
HiPIP 293, 294, 295
HOOP 190, 194, 198, 208, 211, 216
Hiickel 58
Hydrated film 107, 195, 198
Hydrogen bond 24, 157, 158, 164, 171,

193 F, 202, 253, 271

Hydrogenase 300ff.

—IR 300ff.

— IR-spectroelectrochemistry 300 ff.
Hydrogen-out-of-plane, see HOOP
Hydroxylamine 184

i
Inelastic scattering 29
Infrared detector 69, 149
—array 77, 78fL
— photon 69
— pyroelectric 69
— semiconductor 69
— thermal 69
Infrared spectroscopy
— aqueous solution 99
— electrochemical cell for 113 ff.
247
— instrumentation 63 ff.
— reaction induced difference
spectroscopy 108, 195
— spectroelectrochemistry 114f.,
247
— see also IR and FTIR
Interference filter 82 ff.
Interferogram 67 ft., 72, 76, 91, 95
— non-symmetric 94
Interferometer 67ff., 72, 74, 90

5

Subject Index

Internal coordinate 18fF., 22 ff., 23, 25, 34,
35fF, 55 fF.
—bending 19, 52ff.
- out-of-plane deformation 19
— stretching 18, 35ff., 52fF.
— torsional 19
Ion pump, light-driven 181
IR-active 26, 57, 163, 228, 229
IR dichroism 27
IR intensity 26, 42
IR pump/IR probe 167
Iron oxygen modes
— cytochrome ¢ oxidase 276
— hemerythrin 297
— hemoglobin 239
— ribonucleotide reductase 298 ff.
Iron sulfur center, vibrational analysis
2911t
Iron—sulfur proteins 290 ff.
— isotopic labelling 291, 293, 294
—RR 291fF, 296
Isorhodopsin 184, 189, 192
Isotopic labelling 7, 22, 55, 163, 166, 167,
169, 184, 188, 200, 208
Isotopic shift 164

J
Jaquinot's advantage 77, 96
k

Kerr cell 104
K-state 199, 211

1
Laser

—Arion 80,186, 188

—cw 81,105, 133 fF.

—diode 176

—dye 186,188

— frequency multiplying 80

— Krion 80,170

— lead salt laser diodes 74, 176

~ N&YAG 80, 89, 138, 170, 176, 208

—pulsed 81ff, 105, 138 ff.

— Ti:sapphire 76, 78, 80, 139, 170
Ligand modes 239ff., 283
Light-induced reaction, see photoinduced

processes
Line width 85, 93

— homogeneous 169

— inhomogeneous 169
Lorentzian band shape 104, 150
Low temperature measurements 117 ff.,

145, 184, 185, 195, 197 ., 240
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Subject Index

L-state 211
Lumirhodopsin 194, 197, 200

m
MI 183ff, 195ft, 201
MI/MII equilibrium 201
MII 183ff, 195ff., 201
—decay 204
Mass-weight Cartesian coordinates 15,
17 1L
Membrane protein 161, 181
Metal-ligand modes 232, 239 ff., 283
Metalloporphyrin 102, 228 ff., 231, 233
— core size 234
- RR 229,232
— marker bands 234, 237 ff., 245
Metarhodopsin I, see MI
Metarhodopsin II, see MII

Michelson interferometer 64 ff.
Microfabricated flow cell 194, 201
Monochromator 84 ff.

M-state 209

Multiple reflection 111fF.
Myoglobin 236 ff.

— CO complex 2401

—deoxy 237ff.

-1R 163

—met 237ff.

—oxy 238

—RR 237ff, 240ft.

n
Natronobacterium pharaonis 214
Noise 69, 70
Non-heme metalloproteins 283 ff.
Normal coordinates 17, 20, 26, 33 ff.
Normal hydrogen electrode 115
Normal mode 15ff., 28, 34, 44, 50, 55 ff.
—analysis 15, 33, 55, 162, 233 ff.,
245 ff., 269
— totally symmetric
Notch filter 87
NpHR, see halorhodopsin and
natronobacterium pharaonis
Nyquist criteria 73, 75

51, 55 fF., 58 F.

o

180-labelling 219, 221

Opsin state 204

Optical path difference 67, 90, 93
O-state 214 ff.

p
PED, see potential energy distribution

Peptide 168, 176

— backbone 155

— chain 162

— DFT force fields 164, 167

— empirical force field 162

— helical 166, 170

— two-strands 164
Peptide bond 159

— dihedral angle 155, 156

— electronic transition 169

—trans 155
o-phosphate  219f.
pB-phosphate  219f.
y-phosphate  219f.
Photocycle 214
Photoinduced process

139, 141, 181ff.

Photomultiplyer 85, 117
Photon counting 85, 117
Photon flux 81ff., 105
Photoreceptor 181 ff.
Photorhodopsin 195
Plastocyanin 284 ff.
Plasmons resonance 131
Plastocyanin 284 ff.

—RR 286, 288, 290
Point group 22, 46 ff.

-Cy 292

~Cp 46,52, 54fF, 57

- Cy4 232

—Dyq 232,294

Dy, 48,51,52

Dy 228fF, 231, 233, 245

—_Dg, 58

— irreducible representation 50, 55, 229

~Ty 294
Polariser 31, 82ff.
Polarisibility 28fF., 31, 55 ff., 82 ff.
Polyalanine 162
Polyglycine 162
Polylysine 158
Potential energy 16, 20, 23, 44ff., 53
Potential energy distribution 21
Potential jump 146ff., 261
Potential of zero charge
Potentiostat 114, 121
Protein folding 171ff., 249t.

— kinetics 173, 174

— two-state model 173, 175, 176
Protein immobilisation

— covalent 129, 160

— electrostatic 129, 260

— hydrophobic 129, 260

— protein-tethered membrane

104 ff, 118, 132fF,

124, 126, 128, 254

129, 174



Protein, unfolding 128, 147, 171ff.
— kinetics 173
Proteorhodopsin 182
Proton gradient 206
Proton pump 5, 271, 273
— light-driven 183, 206 ff.
Proton transfer 206, 207, 211, 273
Protonated Schiff base 215

q

Q band 231

Quantum chemical calculation 23 ff.
r

Raman

— cross section 29

— intensity 40

— microscopy 88, 148

— scattering, tip-enhanced 130ff.

— shifting 176
Raman spectroscopy 12 ff.

— instrumentation 86 ff.
Raman-active 31, 57, 228, 229
Random coil 156 ff., 160, 166, 170, 175
Rapid flow 144 ff., 185, 189, 194
Rapid freeze—quench 145 ff., 252, 298
Rapid mixing techniques 141ff., 173,

249
Ras protein 218
Ras-GAP protein 221
Rayleigh

~limit 39ff, 148

- scattering 28 ff., 87, 102
Red paramagnetic protein 293
Reference electrode 114 ff., 121
Relaxation methods 146 ff., 262
Renhancement 160
Resonance Raman, see RR
Retinal

—11-cis 186f.

— 13C isotopic labelling 192

— chromophore 198

—13-cis 186, 207

— 13-demethyl 199

—9-cis 186, 188

— all-trans 186, 204

— deuterated Schiff base 192

— deuteration 190

— electronic excited state 183

—isomer 181

— isomerisation 184, 195, 208,

214
—oxime 189
— proteins  181ff., 184

Subject Index

— protonated Schiff base
201, 206
— Schiff base 184, 207
Retinylidene Schiff base, see retinal Schiff
base
Rhodopsin 183, 185
— intermediates
—-IR 195ff.
— photoreaction 183
-RR 185ff.
Ribonuclease A 173, 174
Ribonuclease T; 174
Ribonucleotide reductase 297
- 180/170/1%0 isotopic shifts 298 ff.
—RR 298ff.
Right-angle scattering, see 90° scattering
Rotating cell, see rotating cuvette
Rotating cuvette 105, 116, 135, 138
Rotating electrode 122
RR 32,1321
_ Aterm 33ff, 58fF, 229, 234
_Bterm 33fF, 59, 229, 234
- intensity 33ff., 191, 192
Rubredoxin 291 ff.

181, 186, 199,

185 ff.

s
SAM 128ff., 255, 261
Sandwich cuvette 106 ff., 144, 195, 198,
201
Scaling factor 24fF.
Scanning optical near-field microscopy 148
90° scattering 82, 83, 116ff.
Scattering tensor 30 ff.
Scrambler 82ff.
Secondary structure
176
Second-derivative 160
SEIRA 38, 118ff, 125, 129, 267
Self-assembled monolayer, see SAM
Self-deconvolution 159, 172
SER, see SERS
SERR 129, 267
SERS 38, 104, 118 ff,, 125, 129
— colloids 40, 111 ff.
— electrochemical cell 120
— electrode 40, 119 ff.
f-sheet 156 fF, 161, 166, 173, 175
Single-reflection element 109
Singular value decomposition 149, 150 ff.
— basis set 160
Spectral resolution 71, 85ff., 93, 96
Spectrograph 86 ff.
Spin-label 214
Stokes 28 ff.

155 fF,, 160, 161 ff., 170
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Subject Index

Surface
— enhanced infrared absorption, see
SEIRA
— enhanced Raman, see SERS
— enhanced resonance Raman, see SERR
— enhancement factor 40ff., 44
— plasmon 39ff.
—roughness 120
Symmetry 46, 55 ff.
— coordinates 30 ff.
— lowering  231ff.
— normal coordinate 51
—normal mode 22
— wave-function 59
Symmetry operation 22, 46ff.
— character 49
—class 50

t
Temperature jump 147, 174, 176
Time resolution 72, 76
Time-resolved 79 ff., 131fF,, 146
— IR 79ff, 142, 14411
— pump-probe 74, 76ff., 83, 132, 133,
138, 140, 141, 241 ff.
- rapid-scan FTIR 72f. 218
—RR 132fF, 139, 142, 144ff,, 241 ff,
260, 275
— SEIRA 147, 265
— SERR 146 1T, 261
— step-scan ATR 216
—step-scan IR 74 ff.
— step scan FTIR 207, 212

— studies 74

— ultra-short 76, 140
Tip-enhanced Raman 149
Transform limit 81
Transform theory 35
Transition

— dipole moment

58fF, 171

— dipole moment coupling 162, 163 ff.

— probability 25 ff., 31fF.
Transmembrane helix 169
B-turn 160, 163
pturn 160, 163
Two-dimensional IR, see 2D IR

26, 31, 33ff,, 55,

u
Ultraviolet RR, see UV RR
Unfolding 157, 159, 166, 249
—step 176
- temperature-induced 172
UV RR 169ff, 176

v

Vibrational analysis, see normal mode
analysis

Vibrational coherence 167

Vibronic state 31, 34ff., 101 ff.

Vibronic transition 31 ff.

Visual pigment 181, 183

w
Wave packet 36
Working electrode 114 ff., 121



