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a
absolute cross-section 317
absolute Raman intensity 116
absorption 73
aC�C 35
acetylene 23
acoustic branches 58
adiabatic approximation 179
alcohol-assisted 203, 244
amorphization 308
amorphous carbon 13, 91, 299, 308
annihilation operator 56
antenna effect 97
anti-Stokes 81
antibonding state 21
applications 5, 9
atomic deformation potential

– off-site 267–268
– on-site 267–268

atomic matrix element 264
– off-site 267
– on-site 267

b
backscattering 86
backward scattering 282–283
basis function 128
Bernal AB stacking 34
Bethe–Salpeter equation 229, 235
Bloch function 28
bond-bending 62
bond length 261
bond polarization theory 260
bond-stretching 62
bonding configuration 190
bonding state 21
Born–Oppenheimer 179
Born–Oppenheimer approximation 179
boundary 301, 313

breaking strength 8
Breit–Wigner–Fano lineshape 84, 93
Brillouin scattering 77
Brillouin zone 26

c
cascade effect 308, 313
character table 126, 133, 147–150
Clausius–Mossotti relation 80
coherence 87
coherent Raman 214
combination mode 289
core level 75
Coulomb gauge 263
creation operator 56
crystallite 88
cutting line 39–40, 42

d
dark state 75
defect-induced Raman 300
defect perturbation potential 302
deformation potential 115
density of state 44, 106
depolarization effect 171
diamond-like 91, 299, 315
dipole approximation 115
Dirac Hamiltonian 31
Dirac point 180
disorder-induced 299

– elastic scattering event 301
dispersive behavior 277, 285
double resonance Raman 279
dynamical matrix D(k) 60, 260

e
edge 36, 303
effective mass 31, 35, 225–228, 232
eigenvector 167
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Eii 219
elastic constant 163
elasticity theory 200
electric dipole vector 264
electron acceptor 74
electron dispersion relations 25
electron donor 74
electron energy loss spectroscopy 69
electron mobility 5
electron–phonon 115
electron–phonon coupling 183
electron–phonon interaction 266
electron–photon matrix element 263
equation of motion 59
exciton 74, 223

– bare Coulomb potential 235
– binding energy 241
– C60 230
– center of mass 227
– dark 229
– dielectric screening 243, 246
– energy dispersion 236
– family pattern 241
– hydrogenic 226, 232
– kinetic energy 227
– localization 229, 232, 245
– logarithmic correction 219, 242
– Ohno potential 236
– screened 235
– selection rule 234
– self-energy 241
– single 228
– spatial 322
– spin 228
– symmetry 231, 236–237
– triplet 228
– wave vector 227
– wavefunction 237

exciton–phonon 269, 271
exciton–photon 269–270
extended tight-binding 224

f
family pattern 224, 241, 259
Fermi–Dirac distribution 182
Fermi energy 26
Fermi Golden Rule 103
Feynman diagram 111–112, 279
first Brillouin zone boundary 59
first-rank tensor 80
force constant model 53, 61
force constant parameter 262
force constant sum rule 262

force constant tensor 59, 61
forward scattering 282–283
Fourier transform 60
Frank–Condon effect 108
free carrier 75
fullerene 5
fully-resonant 282

g
gate doping 191
graphite whisker 290
group of the wave vector 132
group theory 121
group velocity 282
Grüneisen parameter 164

h
harmonic oscillator 55
highest occupied molecular orbital 23
hole 74
HOMO 23–24
homomorphic 124
honeycomb 10
Hooke’s law 201
hybridization 3, 23
hydrogen 18, 20

i
identity 122
improper rotations 129
in-plane 64
in-plane tangential 62
incident resonance 111
incoherent Raman 214
inelastic neutron scattering 69
inelastic X-ray scattering 69
infrared absorption 76
infrared spectroscopy 75
insulator 26
intensity 251
intermediate frequency mode 291
intervalley scattering 238, 281
intravalley scattering 281
inverse 122
ion-bombarded 300, 308
irreducible representation 124
isomorphic 123

j
joint density of state 47

k
K point 43
Kataura plot 94, 218



Index 353

Kohn anomaly 183, 186
Kohn–Sham potential 266
Kronecker’s delta function 104

l
Lapack 33
lifetime 83
light polarization 260
linear combination of atomic orbitals

(LCAOs) 21
lineshape 83
longitudinal waves 58

– sound velocity 201
Lorentz forc 114
lowest unoccupied molecular orbital 23
LUMO 23–24

m
Math Kernel Library 33
melting point 5
metallic 26
mode assignment 327
Moire pattern 315

n
nanocarbon 4
nanographite 5, 7, 89, 300, 314–315
nanoribbon 5, 35
nanotechnology 4
near-field 321
NO molecule 26, 57
node in the optical absorption 266
normal mode 57
ntravalley scattering 238

o
optical absorption intensity 265
oscillator strength 265
oscillator strength sum rule 229
out-of-plane 64
out-of-plane tangential 62
overtone 289

p
Peierls distortion 190
Peierls-like 183, 188
Peierls-like distortion 188
permutation group 122, 124, 126–127
phonon density of state 65
phonon dispersion relation 53, 57–58, 64, 68
photoluminescence 76
photoluminescence intensity 265
π-band 28

π-bands of monolayer graphene
– energy dispersion relations 29

π-bands of 2D graphite
– Sij

0 29
π electron 11, 17
π-electron materials 11
plasmon 75
point group 123
Poisson ratio 165, 204
polarizability 14, 79–81, 260–261, 278
polarization analysis 171
polyacetylene 50
polycyclic aromatic hydrocarbon (PAH) 90
population of the (n,m) 254
Poynting vector 116

q
q dependence 64
q2 dependence 64
quantifying disorder 307

r
radial 62
radial breathing mode 92

– anti-Stokes 215
– bundle 216
– curvature effect 210
– double-wall carbon nanotube 206
– environmental effect 202, 205
– frequency 200
– intensity 211, 253
– Kohn anomaly 209, 211
– linewidth 208
– matrix element 255
– polarization 215
– resonance window 211
– resonance window width 255
– spectral fitting 217
– Stokes 215

Raman-active 129, 132
Raman excitation profile 85
Raman polarizability parameter 261
Rayleigh scattering 77
real space 25
reciprocal space 26
reducible representation 124
relaxation length 312
relaxation time 273
representation 123
resonance window 95, 211
resonance window width 273

s
scattered resonance 111
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Schoenflies notation 127
Schrödinger equation 18, 20, 24, 104, 256
second-order Raman 278
second-rank tensor 62, 80
secular equation 60
selection rule 130, 140
semiconducting 26
σ-bands 31, 33

– of graphene 31
– of 2D graphite 33

σ bonding 23
Slater–Koster method 32
Slonczewski–Weiss–McClure (SWM) 34
Slonczewski–Weiss parameter 257
sound velocity 201
sound waves 201
sp2 hybridization 3
space group 123
stacking order 288
Stokes 81
strain 162, 175
super-growth 203, 244
symmetry operations 121

t
T-matrix 303
thermal conductivity 5, 8, 182
thermal expansion 181
tight-binding 191
tight-binding parameter 256–257
time reversal symmetry 226
transition probability 105
transverse waves 58
trigonal warping effect 154, 219, 224, 241
Tuinstra–Koenig relation 314
turbostratic graphite 285, 287
twisted motion 63

2D graphite
– acoustic mode 64
– Brillouin zone 27
– force constant parameters 63
– optical mode 64
– reciprocal lattice unit vector 27
– unit cell 27
– unit vectors 27

u
umklapp scattering 302
uncertainty principle 106
uniaxial strain 201
unit cell 24
unitary matrix 62

v
van der Waals 203
van Hove singular 241
van Hove singularity

44–46, 65, 170, 230, 233, 290, 293
vibronic level 109
virtual state 109
virtual transition 76

w
wavenumber 84

x
X-ray diffraction 315

y
Young’s modulus 8, 201

z
zone-folding 40




