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absorption
large polaron, 75–77
large-polaron low-frequency Drude, 78–79
small polaron, 77–78, 83
small-(bi)polaron low-frequency polarization

conductivity, 79–80
softening bipolaron, 63, 78

adiabatic
formalism, 21–23
limit, definition, 20, 29
small-polaron hopping, 101

bandwidth, polaron
strong-coupling, 34
strong-coupling, large polaron, 34, 42
strong-coupling, small polaron, 35–36, 42
weak-coupling, 18

barrier to self-trapping
free-carrier small-polaron dichotomy, 30
large-polaron small-polaron dichotomy, 32
persistent photo-conductivity, 31
small-polaron formation, 30
time delay for self-trapping, 30

bipolaron
attraction between large bipolarons, 164–165
definition, 3, 54
electron correlation, 57–58
energy barrier to formation, 57
ferroelectric materials, 56
inert-pair effect, 59
Jahn–Teller, 55, 63
large, 54, 55–58
large four-lobed, 58
negative U, 59
pair-breaking in semiclassical hopping, 121–123
small, 54, 58–59, 96
softening, 55, 59–64, 78
softening, boron carbides, 59–60, 63–64

bipolarons
mutual interactions, 164–165

Born–Oppenheimer method. See adiabatic formalism
boron carbides
neutron detector, 133

properties, 59–60
Seebeck coefficient, 132
softening bipolaron, 63–64

carrier mobilities
conductivity mobility, 135
drift mobility, 135
Hall mobility, 135
standard, 135
time-of-flight mobility, 135

carrier-induced atomic changes
altered atomic equilibrium positions, 1
altered atomic vibration frequencies, 1

carrier-induced softening
atomic desorption, 186–190
causes, 129–130
definition, 25
electronic polarizability, 26, 92
enhanced Seebeck coefficient, 130–133
Holstein’s molecular-crystal model, 27, 52
increased thermal resistivity, 130
large-polaron scattering, 92
molecular polaron, 51
phonon localization, 130
Seebeck coefficient enhancement, 64
softening bipolaron, 59–64
strong-coupling polaron, 28–29, 33–34
vibrations’ free-energy, 28–29, 33–34
weak-coupling polaron, 13–20

chalcogenide glasses
Hall effect sign anomalies, 158
optical properties, 84–85
small polarons, 185
threshold switching, 184

coherent transport
definition, 86
Hall mobility, 136–138
large polaron, 88
minimum mobility, 87

desorption
carrier-induced softening, 187–189
delayed desorption, 187, 190
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desorption (cont.)
immediate desorption, 187, 190
surface electronic localization, 186–187

dielectric constants
covalent materials, 10
ferroelectric materials, 10
ionic materials, 10
large-bipolaron formation, 56
optical, 10
static, 10

effective mass, polaron
at high frequencies, 89
large-polaron, atomic tunneling regime, 89–91
large-polaron, classical treatment, 88–89
strong coupling, 3
strong coupling, large polaron, 34, 88–91
weak coupling, 14

electronic polarizability, 26
electronic transfer energy, 100–101
electronic velocity operator, 103
electron–phonon interactions, 9–12

deformation-potential short-range interaction, 2, 11,
28, 30, 31

Fröhlich coupling constant, 14
Fröhlich long-range interaction, 2, 9, 28, 30

exciton
Frenkel, 82
self-trapped, 82
Wannier, 82

Frenkel–Poole effect, 118
for polar molecular solids, 51

geminate recombination
definition, 81
Onsager, 81
small polaron, 81–82

Hall effect
adiabatic Hamiltonian, 23
adiabatic small-polaron hopping, 147–155
Hall coefficient, definition, 135
Hall mobility, Boltzmann solution,

136–138
Hall mobility, definition, 135
LaMnO, 47–48
magnetic phase factors, 139
MnO, 158
non-adiabatic small-polaron hopping, 141–147
sign anomalies, 3, 47–48, 137, 155–159
sign anomalies in amorphous covalent

semiconductors, 157–158
sign anomalies in chalcogenides glasses, 158
small-polaron hopping, square lattice, 143–146
small-polaron hopping, triangular lattice, 141–143,

147–155
Holstein’s molecular-crystal model, 32, 51–52

for molecular polarons, 51–52
for transition-metal oxides, 27, 52
hopping activation energy, 106

pseudo-molecules, 27, 52
hopping. See phonon-assisted hopping

incoherent transport
definition, 86
small bipolaron, 96
small polaron, 95–96, 138

large bipolaron
Drude absorption, 169
ghost modes, 169
ordering, 170
photo-absorption, 168
photo-emission, 168
positron annihilation, 169
superconductivity. See superconductivity
suppression of Seebeck’s spin entropy in cuprates,
171

large polaron
absorption, 75–77
definition, 3
Drude absorption, 78–79
Hall mobility, 138

large-polaron formation
adiabatic limit, scaling analysis, 30
quasi-one-dimensional, 32

large-polaron motion
coherent, 3, 88
Drude tail, 94
effective mass, 34, 88–91
Einstein-phonon scattering limit, 94
Hall mobility, 138
mean-free-path, 93
mobility, 93, 94
phonon scattering, 3, 91–94
phonons’ thermal diffusion, 94

light-atom diffusion
Condon approximation breakdown, 192–193
high-temperature hopping, 191–193
hydrogen diffusion in bcc metals, 193
low-temperature isotope dependence, 196–197
semiclassical isotope dependence, 193–196
versus classical diffusion, 195
versus small-polaron hopping, 195

luminescence
exciton, 82
optical cooling, 83–84
self-trapped exciton, 82
small polaron, 82–83
Stokes shift heating, 83

magnetic field
affect on atoms’ motion, 23

magnetic polaron
bound magnetic polaron BMP, 68, 69–72
colossal magnetoresistance CMR, 65, 71
definition, 65
EuO, 65, 71–72
EuS, 71
EuSe, 71
EuTe, 65, 68, 71
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ferromagnetism, 65
magnetic susceptibility, 65, 68
small-polaron collapse, 68
small-polaron collapse, thermally induced, 68–72
stability, 67–68

magnetic semiconductors
small-polaron hopping, 123–124

Meyer–Neldel compensation effect, 116
molecular polaron, 51

molecular polaron
definition, 49
Frenkel–Poole behavior, 51
Meyer–Neldel compensation effect, 51
scaling analysis, 49–51
Seebeck coefficient enhancement, 51

Peltier heat
definition. See Seebeck coefficient

persistent photo-conductivity. See barrier to self-trapping
phonon-assisted hopping
activation energy, 106, 115
adiabatic semiclassical small-polaron, 110–117
adiabatic small-polaron, 98
adiabatic versus non-adiabatic regimes, 116–117
bipolaron pair breaking, 121–123
detailed balance, 108
Frenkel–Poole effect, 117–118
Hall effect sign anomalies, 155–159
inverted regime, 108
jump distance dependence, 117
magnetic semiconductors, 123–124
negative differential conductivity, 108
non-adiabatic impurity conduction, 98
non-adiabatic semiclassical small polaron, 108–110
non-adiabatic small polaron, 102–108
non-Ohmic at high fields, 180–184
non-Ohmic at low temperatures, 175–180
non-Ohmic hopping formalism, 173–175
shallow impurity, 97
small polaron, 97–102
threshold switching, 180–185

polaron
absorption, 75–78
solvated electron, 3
strong-coupling, definition, 1
weak-coupling, definition, 1

polaron radius
quasi-one-dimensional polaron, 32
strong-coupling, large polaron, 30, 34, 42
strong-coupling, small polaron, 31, 42
weak-coupling, 13

rare-earth chalcogens
EuO, 65, 71–72, 133
EuS, 71
EuSe, 71
EuTe, 65, 68, 71

recombination
geminate, 81–82
luminescence, 82–84
non-radiative, 83–84

scaling analysis. See self-trapping: adiabatic limit
Seebeck coefficient

carrier-induced softening’s enhancement, 53,
130–133

definition, 125
hopping carrier, 127–129
LaMnO, 47
low-temperature limit, 127
magnetic semiconductors, 133–134
magnetic-field dependence, 126
narrow-band limit, 125–126
polaron hopping, 128
singlet bipolaron, 126
spin degeneracy, 126
trap-modulated conduction, 129
with temperature-dependent energy levels, 126–127

self-trapping
adiabatic approach, 1, 23–29
adiabatic limit, scaling analysis, 29–32, 189–190
barrier to self-trapping, 30, 190
beyond adiabatic limit, 33–39
definition, 1, 42
desorption, 186–187
electronic dimensionality effect, 29, 31–32, 189–190
electronically constrained, 2
nonlinear eigenvalue equation, 27
nonlinearity, 2

small polaron
absorption, 77–78
definition, 3

small polaron, defect-related
from breaking a trapped electron pair, 45
from trapping a large polaron, 44
impurity conduction. See small-polaron motion
trapped small polaron, 44

small-polaron formation
adiabatic limit, scaling analysis, 30
band narrowing, 36
bandwidth, 35
barrier to self-trapping, 30, 32
beyond adiabatic limit, 33–39

small-polaron formation, coexistence. See barrier to
self-trapping

with free carriers, 30, 31, 36–39
with large polarons, 32

small-polaron formation, induced by, 42
disorder, 41
electronic localization, 39–40
long-range electron–phonon interaction, 32
magnetic disorder, 5, 68–72

small-polaron motion
adiabatic hopping Hall Effect, 147–155
adiabatic semiclassical hopping, 110–117
adiabatic versus non-adiabatic hopping, 116–117
bipolaron pair breaking, 121–123
coherent with atomic tunneling, 35–36
coherent-motion’s suppression, 36, 96, 138
Frenkel–Poole effect, 117–118
generalized for light-atom’s hopping, 191–193
Hall-effect sign anomalies, 3, 45–48, 155–159
hopping, 3, 36, 98–102
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small-polaron motion (cont.)
hopping activation energy, 106, 115
hopping Hall effect. See Hall effect
impurity conduction, 45–48
incoherent, 3, 95–96
incoherent for classical atoms, 35, 95–96
jump-distance dependence, 117
low-frequency polarization conduction, 79–80
magntic semiconductors, 123–124
non-adiabatic Hall effect, 141–143
non-adiabatic hopping, 102–108
non-adiabatic semiclassical hopping, 108–110
non-Ohmic hopping, 180–185
photo-conductivity, 81
pinned Fermi level, 45
Seebeck coefficient, 127–129
Seebeck coefficient, magnetic semiconductors,

133–134
temporally correlated hopping, 118–119
thermally induced conductivity transition, 39, 42
threshold switching model, 180–185
time-of-flight mobility, 119–120

strong-coupling polaron
effective mass, 3, 34
Fröhlich polaron energy, 14
large. See large polaron
optical absorption, 2
small. See small polaron

superconductivity
BCS condensate, 163, 165
compared with superfluidity, 163
large bipolarons, 164
large-bipolaron liquid, 165–166
large-bipolaron properties, 168–172
large-bipolarons’ excitation spectrum, 167–168
large-bipolarons’ proximity effect, 172
mutual attraction between large bipolarons, 164–165

small- versus large-bipolaronic superconductivity,
163

superfluid helium’s condensate, 163
suppression by large-bipolaron ordering, 171

thermoelectric figure-of-merit, 132
threshold switching, 185

chalcogenide glasses, 185
small-polaron model, 180–185

time delay for self-trapping. See barrier to self-trapping
time-of-flight mobility, 119–120
transition-metal oxides

La2CuO4, 170, 171
LaMnO3, 45–48
LiNbO3, 85
MnO, 43, 52, 133, 158
NiO, 44
SrTiO3, 44, 170

vibrational dispersion
adiabatic small-polaron Hall effect, 150
adiabatic small-polaron hopping, 112–116
correlated hopping, 118–120
large-polaron scattering, 93–94
phonon-assisted hopping, 98
semiclassical small-polaron hopping, 109
small-polaron hopping, 105

Wannier–Stark localization, 86–87, 103
weak-coupling polaron

carrier-induced softening, 15–20
deformation-potential short-range electron–phonon
interaction, 14

effective mass, 14
Fröhlich long-range electron–phonon
interaction, 13

Fröhlich polaron energy, 14
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