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B-lactamase, 308
B-lactams, 308, 351

absolute rate theory, see transition-state theory

absolute zero, 128, 129, 134

absorbance, 42

absorption coefficient, 42, 44-45
protein, 53

absorption spectroscopy, see spectroscopy

acetic acid, 162, 328, 373
acid dissociation constant, 162-163
activated complex, see transition state
activation energy, 331, 337-338
activation-controlled reaction, 365
active transport, 169-172
activity, 148-150, 160, 161,
185-200
coefficient, 186188
ionic, 191-195
mean ionic, 190, 193-195, 212

adenosine triphosphate, see ATP
adiabatic, 74
adsorption, 121
alcohol dehydrogenase, 394
allosteric interaction, 303
amino acid, see dating, aspartic acid

fluorescent, 48

hydrophobic, 289

isomerization, 264-266

residue, 30, 126
amyloid plaque, 270
anode, 207
antifreeze, 79

protein, 79
antioxidant, 393
Aplysia dactylomela, 404
Arrhenius equation, 334-337
ascorbic acid, 393
ash, 404
aspartic acid, see dating
ATP, 152-153, 169-172, 319
ATPase, 170

Index

Avogadro’s constant, 384
axis labels, 3

barometric formula, 29
battery, 156, 216

alkaline, 151

dry cell, 155
Beer’s law, see Beer—-Lambert law
Beer-Lambert law, 42-44
benzene, 22, 88, 177-178
benzoic acid, 95
blank subtraction, 32
Bodenstein, Max, 278, 287
boiling, 80

chips, 80
boiling point

elevation, 174—-175

normal, 83

variation with pressure, 174
Boltzmann distribution, 25-29,

334
Boltzmann’s constant, 24, 384
Boltzmann’s equation, 120
bombardier beetle, 96
Born, Max, 15
Briggs, George Edward, 290
Brgnsted-Bjerrum equation,
352

bubble, 80

caged compounds, 319
calcium carbonate, 404405
calculator, 44, 196—-197
calculus, 389-391
caloric theory, 58
calorie, 93
calorimetry
bomb, 85, 91-96, 404405
direct, 100-101
indirect, 102—-104
carbohydrate, 95, 102
carbon dating, see dating, radioisotope
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carbon dioxide
vibrational modes, 38
carbon monoxide, 129-130
Carnot cycle, 132-138
Carnot, Sadi, 132
catabolizable energy, 93, 102
catalase, 394-395
catalyst, 164, 287
cathode, 207
cell
concentration, 212-213
dry, 155
electrochemical, 202
fuel, 151-152, 214-217
Leclanché, 155
voltaic, 206-208
Celsius, degree
vs. kelvins, 73
chain reaction, 278
chain-breaking, 279
inhibition, 279
initiation, 279
propagation, 279
termination, 279
Chalfie, Martin, 48
chemotherapy, 351
China, 252
chlorophyll, 45-46
chromophore, 48
Clausius inequality, 141-143
Clausius, Rudolf, 139
closed system, 57
combustion, 227
competitive inhibition, see enzyme
complex reaction, 226
condensed phase, 71, 90, 91
conserved moiety, 310
continuous flow method, 314-316
conversion factors, 384-385
cooking
pasta, 174-175
popcorn, 183-184
roast beef, 255
cooling, see Newton’s law
cooperativity, 405406
coordination number, 371
correlation coefficient, 258-260
cotransport, 169
coupled reactions, 165168,
170
cyclic reactions, 284
cynicism, 138-139
cytochrome, 304-307

A, 157-158
dalton, 45
dating

Index

aspartic acid, 264-267
radioisotope, 249-252
Debye-Hiickel theory, 191-200, 201
extended, 198-199
decompression sickness, 184
degeneracy, 22, 25
density
water, 380
density of states, 334
detailed balance, 283
dew point, 179-180
dielectric constant, 192
differential, 62-63, 69-70
exact, 62-63, 69
inexact, 63, 69
differential equation, 244, 245
coupled, 275
diffusion, 121, 359-364
coefficient, 360, 362-364
driving force, 362
equation, 361
proton, 369
diffusion-controlled reaction, 365-374
diffusion-influenced reaction, 365
diode array spectrometer, see spectrometer
dipole moment, 37
dissociation constant, 291
DNA, 15, 406-407
replication, 351
DNA polymerase, 311-312
double-reciprocal plot, see Lineweaver—Burk
plot
doubling time, 252
dry cell, 155
dual-beam spectrometer, see spectrometer
duality, see wave-particle duality
dynamics, see reaction

Eadie-Hofstee plot, 294-296, 300
Eigen, Manfred, 319
electric constant, see permittivity
electrolyte, 185, 189
electromagnetic
radiation, 8-10
spectrum, 11
wave, 8-9
electromotive force, 202-203
and free energy, 202-203
standard, 203
electron mass, 384
electron microscope, 14, 16
electronic
energy, 23, 24
elementary charge, 384
elementary reaction, 226228
emf, see electromotive force
encounter pair, 365
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endothermic, 85
energy
free, see free energy
internal, 26, 68-70, 82, 90-96
and heat, 70, 82
ideal gas, 73
statistical, 76-77
kinetic, 24
metabolic requirements
calorimetry, 100-101
indirect calorimetry, 102—103
nutritional balance method, 99-100
molecular, 23-24
translational, see translational
vibrational, see vibrational
zero-point, see zero-point energy
enthalpy, 70, 90-95
and heat, 70-71, 82
data, 375-378
of combustion, 85-86
of formation, 83-87
of vaporization
water, 380
temperature dependence, 96-98
entropy, 111-113, 141
absolute, 128-131, 147
and evolution, 126128
and free energy, 143
and temperature, 130—131
as disorder, 125
Boltzmann, see entropy, statistical
data, 378
mixing, 116-118, 121-123
residual, 130
statistical, 118-123, 128-130
Third Law, 128-131
water, 380
enzyme, 164, 166-167, 287-313
active site, 289
and transition-state theory, 350-351
deriving rate laws, 310
dissociation constant, 291
inhibition, 298-307
competitive, 298-302, 351
uncompetitive, 302-307
lock-and-key theory, 289
saturation, 291
specific activity, 292
turnover number, 292
equilibrium, 57, 159, 230-231, 283-284
and free energy, 159-163
constant, 159, 230-231, 283-284
and pressure, 323-324
and temperature, 173-177
empirical vs. thermodynamic, 231
dynamic, 2, 231
thermal, 59, 111

Index

equilibrium approximation, 277-278
error function, 366
erythrocyte, 170
Escherichia coli, 394
ethanol, 82, 177
evolution, 126128
excited state, 18
exclusion principle, 19
exothermic, 85
exponential functions
properties, 388
extensive property, 60-61, 110, 203
Eyring plot, 340-341

Faraday’s constant, 203, 384
fat, 102, 105, 169

fibrin, 288

Fick’s first law, 360

Fick’s second law, 361

First Law of Thermodynamics, 62, 68-69, 109, 138

first-order reaction, 244-255
Fischer, Emil, 289
flash memory, 16
flash photolysis, 317-319
fluorescence, 46-51
amino acid, 48
imaging, 48
kinetics, 267-270
lifetime, 268-270
quantum yield, 49
quenching, 48-49
fluorescent protein, 48, 269
fluorobenzene, 132
fluorophore, 48
flux, 359-360
food energy, 93

Forster resonant energy transfer, 48-51, 267-270

free energy
and entropy, 143
and equilibrium, see equilibrium

Gibbs, 143, 145, 148-151, 157-159, 203, 230

and electromotive force, 202-203
and temperature, 173-177
data, 375-378
of formation, 146
standard, 146
Helmholtz, 142-144
machine, 152
freezer, see refrigerator
freezing, 79-81, 139
freezing point
depression, 79, 174
frequency, 8
natural, 36
FRET, see Forster resonant energy transfer
frictional coefficient, 363
fuel cell, see cell
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Gibbs free energy, see free energy
Gibbs paradox, 117
global warming, 38
glutamine synthetase, 167-168
glycerol, 79, 169
glycolysis, 169, 172, 182
gravity

standard, 384
greenhouse gas, 38
Grotthuss mechanism, 369
ground state, 18, 334

Haldane, John Burdon Sanderson, 290
half-life, 234, 246-249, 260-261
half-reaction, 204
halogen oxides, 227, 235-236, 256-258
halogenation, 238-239
harmonic oscillator, 35
haste, see waste
heat, 58-60, 69
and enthalpy, see enthalpy
and internal energy, see energy
flow, 113-115
latent, 78
of dilution, 87
reversible, 111
heat capacity, 71-75
data, 375-378
solution, 8687
statistical, 76-78
heat engine, 109, 132-135, 215
efficiency, 134
Helmbholtz free energy, see free energy
hemoglobin, 181, 405-406
Henri, Victor, 287, 290
Henry’s law, 160
Hertz, 8
HOMO, 20
humidity
relative, 179
hydrogen peroxide, 304
hydrogen—bromine reaction, 278-280, 330-332
hydrophobicity, 30
hydroxyl radical, 393

ice fog, 180
ice nucleating protein, 80
ideal gas, 66, 72-73, 112, 116-117, 382
ideal gas constant, 384
ignorance, 120
infrared spectroscopy, see spectroscopy
inhibition, see product inhibition, see chain reaction,
see enzyme
initial rate, see rate
inorganic phosphate, 146
integrals
table, 391

Index

intensive property, 110, 203
intermediate, 227
internal combustion engine, 134—135
internal energy, see energy
ionic atmosphere, 189-190
ionic strength, 146, 191

and rate constants, 351-355
isotherm, 65
isothermal, 65, 128, 144
isotopic fractionation, 29

Joule heating, 320-322

Kelvin, Lord (William Thomson), 109
kelvins
vs. degrees Celsius, 73
kinetic energy, 24
kinetic theory, 223
kinetics, 1
Kirschenbaum, David, 53

Lambert—Beer law, see Beer—Lambert law
laser, 19, 53-54, 319
laser heating, see optical heating
Lavoisier—Laplace calorimeter, 100
law of mass action, see mass action
Le Chatelier’s principle, 173
least-squares fitting, see linear regression
Leclanché cell, 155
lifetime, see fluorescence
light, 7-13

speed, see speed of light
Lindemann mechanism, 274-276
linear regression, 175, 294
Lineweaver—Burk plot, 293-295
liquid junction potential, 207
lock-and-key theory, 289
logarithm

properties, 388
LUMO, 20

macroscopic, 57
mass action, 228-229, 287
matter

wave properties, 15-22
Maxwell’s equations, 8
mechanism, 226
melting, 79, 90-91
melting point

normal, 83
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membrane potential, see potential, transmembrane

mercury halides, 236-237

metabolizable energy, see catabolizable energy

metastability, 79

methanol, 131, 155-156, 373
methotrexate, 351

Michaelis constant, 291
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Michaelis—Menten mechanism, 164, 288-296
microscopic reversibility, 230-231, 283
microstate, 118
microwave oven, 21
mixing, 116-118, 122
mobility, 207
model, 279
molality, 145, 187
molar absorption coefficient, see absorption
coefficient
mole density
water, 380
mole fraction, 117, 149, 187
molecular orbital, 19
monochromator, 32
muscle, 152

N-formylmethionine, 50

natural frequency, 36

Nernst equation, 203

neuron, 213

neutron mass, 384

Newton’s law (of cooling or warming), 253-254
nitration, 338

nitrogen, 38

nitrogen oxides, 226, 238, 281, 337
non-equilibrium thermodynamics, 2
Norrish, Ronald, 319

nuclear reactor, 108

nucleation, 79, 80, 180

Oktaba, Walter, 109
one-child policy, 252
optical heating, 322
order of reaction, 228, 235
partial, 228
pseudo, 263
oxalate, 236-237
oxidation, 204, 206
oxidizing agent, 204
oxygen, 29, 38, 53, 159-160
debt, 104
transport, 405-406
ozone, 163, 238, 281

papain, 288
papaya, 288
partial derivative, 25
particle in a box, 16-20
and translational energy, 23-24
particle on a ring, 21-22
partition coefficient, 175-177
partition function, 27-28, 118
and entropy, 118-120
and heat capacity, 76-78
and internal energy, 76-77
molecular, 25, 76-78, 334

pasta, 174
path dependence, 63
path function, 63, 69
path independence, 63
Pauli exclusion principle, 19
periodic table, 386
permittivity, 192
relative, 192
vacuum, 384
water, 380
perpetual motion
first kind, 68
second kind, 109
pH, 162
phase
condensed, 90
transition, 78-81
phenomenological kinetics, 223
phosphate
inorganic, 146
phosphorylation, 166-167
photochemical equivalence, 10, 19
photoelectric effect, 10
photon, 10-11
momentum, 11-13
physical chemistry, 1-2
Planck’s constant, 384
Planck, Max, 10
platinum, 209
pMg, 146
popcorn, 183-184
population growth, 252
Porter, George, 319
potassium permanganate, 35, 4041
potential
electric, see electromotive force
liquid junction, 207
reduction, see reduction potential
transmembrane, 213-214
pressure, 64
standard, 82
vapor, see vapor pressure
pressure jump, 322-324
probability
density, 16, 334
wave, 15
product inhibition, 238
proflavin, 232-233, 328
progress curve, 225
protein, 7, 15, 102, 164, 288
absorption coefficient, see absorption coefficient
activity coefficient, 200-201
conformation, 52, 126
denaturation, 31
fluorescent, see fluorescent protein
folding, 30-31, 78, 289
solubility, 199
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proton related rates, 224

diffusion, 369 relativity, 11, 13

mass, 384 relaxation methods, 320-328
pseudo-order of reaction, see order of reaction relaxation time, 325

reversibility, 65, 66, 111, 142, 202

quantization, 17 Reynolds number, 315
quantum mechanics, 1 ribosome, 50-51
quantum number, 17 RNA, 288
quantum yield, 49 transfer, 50, 325-326
quasi-adiabatic, 74 rotational
quinone, 96 energy, 23, 24

spectroscopy, see spectroscopy
radioactive decay, 248-252

radioisotope dating, see dating salt bridge, 207-208
Rana sylvatica, 80, 106 salting in, 194, 199
Raoult’s law, 161 salting out, 199
rate, 223-225 scuba diving, 184
constant, 228, 330 sea hare, 404
and ionic strength, 351-355 sea slug, 404
and temperature, 335-337 Second Law of Thermodynamics, 109-110, 113, 134,
diffusion-limited, 367-368 138-139, 141, 143
elementary, 228 information perspective, 120
empirical, 235 Kelvin statement, 109, 132
in diffusion-influenced reactions, 365 second-order reaction, 256, 263-267
time-dependent, 367 selection rule
transition-state theory, 339-343 vibrational, 37
initial, 225, 234-235 separation of variables, 41, 244
law, 225 Shimomura, Osamu, 48
deriving, 280-281, 310 SI system of units, 381-383
empirical, 235-242 sign convention, 59—60
first order, 245-246 single-beam spectrometer, see spectrometer
integrated, 244-267 sodium-potassium cotransport, 169—-172
second order, 256 solar sailing, 12-13
rate constant, 241, 258 solubility
rate-limiting step, 276 gas, 159-160
reaction ionic compound, 161-162, 185, 194,
channel, 227 196-198
complex, see complex reaction product, 161-162
coordinate, 331, 333 solvent caging, 365
dynamics, 2, 223, 227 specific absorption coefficient, 42
elementary, see elementary reaction specific growth rate, 252
intermediate, see intermediate specific quantity, 60-61
mechanism, see mechanism spectrometer
order, see order of reaction diode array, 33, 318
quotient, 150 dual-beam, 32-33
rate, see rate fluorescence, 46-48
velocity, see rate single-beam, 32
reactive distance, 365 spectrophotometry, 42
red blood cell, 170 spectroscopic ruler, see Forster resonant energy
redox reaction transfer
balancing, 204-206 spectroscopy, 19, 31
reducing agent, 204 absorption, 19-20
reduction, 204 electronic, 28, 39—41
reduction potential, 208-211 fluorescence, 4648
data, 379 infrared, 9-10, 24, 28, 34-38
refrigerator, 136—138 rotation-vibration, 35-37
coefficient of performance, 137 rotational, 29
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spectroscopy (cont.)
UVl/visible, 24, 28, 31, 35, 3941
vibrational, 28, 35-38

spectrum, 32

speed of light, 7, 8, 8, 384

spontaneous, 113

spreadsheet, 196

standard gravity, 384

standard pressure, see pressure

standard state, 82, 87, 145-146, 149, 159
biochemists’, 145-146

Stark—Einstein law, see photochemical equivalence

start codon, 50

state, 57
function, 62, 68-70, 83, 144
microscopic, see microstate
variable, 62

statistical moment, 293

statistical thermodynamics, 1, 76-78, 118-121

steady state, 249

steady-state approximation, 275-278
Stern, Kurt, 394

Stirling’s approximation, 122
Stokes—Einstein relation, 364
stopped-flow method, 317
substrate, 287

supercooling, 79-80
superheating, 80, 174
superoxide, 304

system, 60

table headings, 3
temperature, 58-59, 71, 111
standard, 145
temperature jump, 320-322
thermal wavelength, 14

thermodynamically allowed, 113, 141, 143, 159, 203

thermodynamics, 1, 57
classical, 57
equilibrium, 57

thermometer, 59

third body, 422

Third Law of Thermodynamics, 128131, 134, 138

titanium, 165-166
transfer RNA, see RNA
transition state, 331
analog, 351
transition-state theory, 2, 339-351
and complex reactions, 347-350
and enzymes, 350-351
translation, 50-51
translational
energy, 23, see particle in a box
transmembrane potential, 213-214
transport equation, 360-361
transporter, 169-170, 297-298
Trouton’s rule, 140

Index

tryptophan, 51

Tsien, Roger, 48

tunneling, 16, 338

turkey, 138

turnover number, see enzyme
two-photon process, 19

uncertainty, 16

uncompetitive inhibition, see enzyme

uric acid, 45, 195-196

urinary stones, 178

UV/visible spectroscopy, see spectroscopy

vacuum permittivity, see permittivity
van’t Hoff method, 239-242
vapor pressure, 160-161, 187
water, 380
velocity, see rate
vibrational
energy, 23, 24, 35
modes, 37
carbon dioxide, 38
water, 37
selection rule, 37
Spectroscopy, see spectroscopy
vibronic transition, 40—41
visible spectrum, 11
vitamin C, 393
voltage, see electromotive force
voltmeter, 202

warming, see Newton’s law
waste, 142
water, 177, 373, 380
autoionization, 173, 327-328, 368-369
density, 321
vibrational modes, 37
wave, see electromagnetic, see matter, see probability
wave-particle duality, 10-15
wavefunction, 16
wavelength, 8
de Broglie, 13-15
thermal, 14
wavenumber, 9-10
wood frog, see Rana sylvatica
work, 58, 60, 69
electrical, 58, 203
maximum, 134, 142, 144, 145
mechanical, 64
pressure—volume, 64-66, 111
reversible, 111

X-rays, 75-76
xanthine, 178-179

zero-point energy, 18, 36, 128, 337
Zewail, Ahmed, 319
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