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Abelian groups, 251, 419
accidental degeneracy, 255
action table
AB; molecule, 41, 63, 190
diatomic molecules electronic states, 195-197, 207
graphene energy bands, 369-372, 377, 378, 427,
429
H;O electronic states, 183, 184
octahedral complex, 213, 214, 222, 223, 450
perovskite energy bands, 281, 285, 286
plane wave energy bands, 270, 271
squarene electronic states, 170, 172
squarene vibrations, 7-9, 23, 169
tetrahedral complex, 228, 230, 238, 457, 458
angular momentum
crystal field, 93, 112
diatomic molecules, 198, 202, 203, 205
double group, 150, 198-199, 202, 203, 205
multi-electron systems, 95, 98—-100
nuclear-shell model, 150
operators, 100, 112, 129, 131, 133, 155, 338
quantum numbers, 66—67, 93, 100, 112, 135, 140,
150, 198-199, 442, 444
rotation group, 67, 85
spin, 123, 127, 129-132, 135, 138, 140
tensors and vectors (Appendix D), 442, 444
time reversal, 337, 338
antiferromagnetic structures, 346, 351-352
anti-Stokes transitions, 33
antisymmetric, 79, 99-100, 181, 427, 428, 443
representations, 447, 448
functions, 96, 98, 99, 101, 109, 131, 132, 145, 156,
172-174, 195, 445, 447
vibration, 32-33, 94
antiunitary operators, 342, 348-350, 354, 356
axial vector, 89, 443

band, see energy bands

basis functions
A B> molecules, 3942
Bloch-wave states, 254, 259, 261

character table, 428

co-representations, 353

crystal field, 96, 97, 101-103

Dy, splitting, 273, 302

Doop» 195

definition, 423

diatomic molecules, 195, 197, 210

direct product, 82-85, 98, 99, 428

double group, 151

3 F ground state, 99, 101, 102, 108

generation of (symmetry-function-generating
machine), 22, 23, 36, 47, 48, 63, 83, 84, 89, 108,
180, 213, 223, 264, 269, 270, 272, 288, 291, 302,
370, 372, 374, 378, 380, 426

graphene, 371, 372, 380

half-integer angular momentum, 104, 127, 140

H,0, 182-184

hybrid, 167

irreducible representation for O group, 451454,
456

irreducible representation for 7; group, 459461

Jahn-Teller, 117, 118

Lowdin orbitals, 165

multi-electron, 97, 99, 101

octahedral complex, 212, 213, 217, 222

perovskite (vibrations), 284, 285, 296

phonon, 310, 315, 318

plane-wave states, 268, 270, 273, 274

product wavefunction, 444

projection operator, 426

rotation group, 66, 71, 74-76, 78, 79, 85, 88, 89,
99, 108

space groups, 250, 254, 259

squarene (electronic states), 168—171

squarene (vibrational states), 5, 7-10, 12, 14, 15,
17, 20, 21, 23-26, 32, 33

tetrahedral complex, 229, 233, 238

vector model, 97-99

basis vectors, see basis functions
Bloch theorem, 249-250
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Bloch waves (functions), 249-252, 255, 259, 260,
263, 381
Brillouin zone, 250
character, 338-339
compatibility, 260, 264
graphene, 368, 375, 379
lattice vibrations, 283
plane waves, 264, 268, 270-272
point-group symmetry, 252-254
representation by, 255, 259, 263
space group, 283
time reversal, 307, 308, 364
block-diagonal matrices, 15, 21, 22, 26-28, 37, 43,
50, 175, 229, 295, 317, 323, 334, 422
block-diagonalized secular equation, 175, 184, 198,
213, 238, 288, 290, 297, 302, 320, 322
bonds, 31, 117, 168, 184, 199, 204, 208, 209, 213,
307, 383, 385, 393, 462
Bragg condition, reflection, 247, 278
Bravais lattice, 239-247, 249, 253, 259, 260, 267,
278, 281, 314, 363
Brillouin zone, 249, 250, 252, 253, 260, 267, 270,
290, 304
cubic, 248, 260
graphene, 364, 366, 367, 369, 377, 381, 382, 395,
401
hexagonal, 247, 257-258, 260, 266, 271, 276,
283-284,310-313, 318
nanotube, 390, 395, 396, 398, 399, 401-403, 408
perovskite, 290, 302
squarene, 243

Cartesian, 5, 9, 31, 305
cell, see unit cell
center of mass, 29, 45, 64, 315, 326
character
Cy, group, 16, 19, 22,23, 32, 248, 262
crystal field, 96, 107, 108
crystal double group, 150, 151
p®, 75,76, 85, 121
definition, 16, 18, 412, 428
diatomic molecule, 196, 197, 209
direct product, 11, 79, 82, 96, 97, 446
graphene, 373, 377, 393
H,0, 62, 183, 188
Herring rules, 345
inversion, 78, 213
irreducible representations, 18
magnetic groups, 350, 357
non-symmorphic group, 264
0y,78,79, 88, 108, 211, 261, 273, 287
octahedral complex, 213, 222, 223, 228
orthogonality, 16, 18, 20
perovskite (electronic), 284-286, 289, 291, 293,
296
plane wave, 270, 272, 273
projection operator, 427
rotations, 73, 74

Index

same class, 423
similarity transformation, 421, 422
squarene (electronic), 183
time reversal, 342, 344, 345
character tables
description of, 427-428
for all point groups (Appendix C), 430-437
for nanotubes, 437
C,, 42,360
Coy, 187,297, 310, 320
C3, 346
C3y, 171, 261, 263
Cyy, 16, 26, 33, 190, 261, 262, 293, 310, 428
Cs,374
Cooh, 193, 194
p1/2_p@ g7
D,, 374
Dy, 89,117,118
Dsy,, 376,377
Dy, 272,273
Dg, 369, 370
Doop» 193-196, 205
0, Oy, groups, 76, 107, 108, 211, 212, 261, 287,
310, 449, 450
O’ crystal double group, 152, 153
T4, 229,456
chiral nanotubes, 385, 386
class, 15-18, 73, 75, 81, 85, 151, 170, 215, 246, 251,
257, 280, 286, 361, 417-418, 421, 423, 427, 428,
455
character of, 17, 20
definition of, 15
elements of, 17, 418, 449
co-representations, 350, 356, 357
conduction band, 301, 366, 368, 404, 408
configuration
bond order, 204
crystal field, 98, 111
d',91,92,94, 117, 226
d?,95,96,99, 103, 107, 114-116, 226
d3, 121, 153, 155, 226, 236
d*,92, 95,226,227, 236
d>,d®, 94,227,236
d’,236
d8,107, 227,236
d®,94,95,117
d"0,94
diatomic molecule, 204
double group, 152, 153
graphene, 363
H,O electronic states, 186
heteronuclear molecule, 208
high/low-spin states, 226, 227, 236, 238
molecular, 199, 201-202, 204, 209, 220
nanotubes, 391
octahedral complex, 220
perovskite energy bands, 300
spin—orbit interaction, 144, 149
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squarene electronic states, 179
Zeeman effect, 155
conjugate-group elements, 338, 375
correlation diagram, 179, 192, 201
covering group, 62, 64, 77, 83, 96, 166, 190, 193, 198,
200, 206, 211, 244, 349, 416, 419, 422, 429
covering operations, 3, 75, 77, 168, 227
crystal double group, 150-153
crystal field, 90, 93-96, 99, 152, 153, 211, 222
potential, 92, 103-105, 109
splitting, 91, 107, 109, 120, 153, 219, 260
cyclic groups, 419, 428

decomposition
of a representation, 14, 15, 17, 20-22, 27, 28, 35,
36,42,43,75,79, 83-85, 96, 108, 117, 118, 121,
125, 132, 140, 144, 145, 151-153, 170, 172, 183,
184, 213, 231, 260, 270-273, 287, 288, 291, 293,
297,311, 315, 321-323, 370, 371, 374, 378
of a tensor, 442444, 447-448
degeneracy, 27, 90, 116, 148, 154, 198, 221, 263, 268,
271, 275, 340, 342, 344-346, 357, 408
accidental, 254
energy bands, 396
time reversal, 99
diagonal matrix, 21, 23, 26, 40, 47, 50, 52, 109, 171,
176, 224, 244, 266, 271, 288-290, 295, 331, 413,
414
diagonalization of a matrix, 2, 43, 198
diamagnetic, 226, 238, 347, 348
dimensionality of a representation, 19, 72, 354, 362,
412,425
Dirac
points, 368, 381, 401, 408
relativistic quantum theory, 139
direct product, 76-83, 89, 96-98, 108, 119, 120, 140,
144, 145, 157, 193, 202, 205, 252, 259, 283, 369,
413,419, 428, 442, 445, 447, 449
double groups, 150-153, 346
double-valued representation, 87

effective mass, 368, 382
eigenvalues, 1-2, 21, 26-31, 39, 43, 52, 99-102, 105,
107, 113, 114, 124-125, 129, 130, 136, 139-143,
145, 156, 165, 167, 175, 176, 179, 185, 189, 191,
194, 206, 213, 219, 232, 235, 244, 266, 288, 295,
296, 306, 312, 319-321, 327, 329, 330, 333, 340,
381, 412,413,422
eigenvectors/eigenfunctions, 23, 27, 32, 37, 46, 48,
64, 111, 126, 184, 198, 293, 312, 323, 332, 342,
375,413
electric-dipole transition, 187, 205, 237
electron, 86, 94, 107, 113, 117, 123, 126, 144, 187,
190, 199, 201, 203, 215, 220, 225-227, 231, 236,
241, 265, 276, 277, 301, 341, 368, 383
crystal-field splitting of, 90, 91, 93, 96, 98, 109
electron—electron interactions, 103, 107-109, 159,
280

lone pair, 184
multi-electron systems, 66, 74, 82, 95, 96, 98,
129-131, 138-140, 143, 153, 158-160, 171, 181,
195, 339, 340
one-electron approximation, 66, 74, 82, 282, 338,
339
spin, 123, 125, 129, 131, 138-139, 143, 144
two-electron wavefunctions, 82, 96-101, 103-105,
132, 447
empty-lattice approximation, 266, 276
energy bands, 243, 244, 254, 260, 262-264, 266-270,
272-282, 284, 286, 294, 296-303
bece, 278
cubic, 362
degeneracy, 268, 272, 275, 278, 345, 396-398
graphene, 363-368, 382, 393
LCAO or tight-binding, 291, 293, 304, 320, 363
LDA, 299-300
nanotube, 393-400, 403-409
theory, 261, 280
time reversal, 342, 344
wavefunctions/states, 275, 288, 290-291, 294
equivalent
atomic sites, 77, 285-287, 289, 314, 318, 334, 372,
378
electrons, 98, 136, 145-149, 156, 294, 296,
442-447
groups, 4, 347
irreducible co-representations, 356
irreducible representation, 15, 252, 372, 423
oxygen sites, 228, 290, 322
representations, 12, 121, 356, 362, 423, 424
wavevectors, 253-254, 256, 258, 261, 272, 283,
290, 345, 364, 368, 369, 372, 375
Euler angles, 72
even modes, 34
exclusion principle, 96, 98, 99, 145, 150, 221

face-centered cubic, 247-249, 276, 278, 313

factor group, 259, 418, 419

faithful representation, 421

Fermi, 150, 366, 382

ferromagnetic, 346, 359

force constant, 40, 50, 54, 59-60, 305-307, 327

Frobenius—Schur test, 357, 359, 361, 362

full rotation group, 66, 68, 71, 75, 85, 442444
representations of, 71, 85, 87, 444

glide plane, 246, 350
group, 11, 32,73, 117, 168, 169, 182, 263, 270, 289,
290, 295, 296, 302, 310-312, 314, 318-321, 325,
345, 350, 353, 355, 356, 362, 368-370, 372-374,
377, 382, 389, 417, 420-428, 438-441, 445,
450-452, 456, 457
Abelian, 251, 419
classes of a, 15, 18
covering, 62, 63, 77, 83, 96, 166, 190, 193, 198,
200, 206, 211, 227, 244
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cyclic, 251, 252, 419, 428

definition/properties of, 4, 5, 15

direct-product, 76, 79, 81, 82, 96

double, 150-153

elements of a, 4, 8, 10, 16, 17, 33, 38, 41, 68

factor, 259, 418

full rotation, 66, 68, 71, 75, 85, 87

inversion, 77, 78

magnetic, 337, 346-351, 357-359, 361

multiplication table, 8, 10, 16, 37

octahedral, 74-77, 79, 83-85, 88,99, 108, 117, 121,
151, 152,211, 212, 221, 224, 259, 260, 361, 449

operators, 7, 10, 15, 19, 21, 38

order of, 10, 171, 362, 415, 418, 423

point, 3, 12, 17, 39, 245, 252, 259, 346, 348, 349,
351, 353, 356, 357, 393, 415, 430, 462-464

representations of a, 12, 443

rotation, 70, 95, 97, 127, 150, 151

space, 239, 241, 244-246, 252-260, 264, 268, 269,
280, 282, 304, 333, 342-344, 346, 353, 357, 362,
393, 415

symmorphic, 249, 250, 252, 255, 258, 259

theory, 1, 2, 4, 10, 14, 17, 18, 20, 29, 30, 34, 39, 79,
88, 95, 98, 156, 165, 200, 386

tetrahedral, 455

of the wavevector (gk), 253-255, 258-261, 264,
269, 271, 279, 283-384

Hamiltonian, 15, 75, 76, 79, 82, 83, 91, 95, 158,
337-344, 423
atomic, 282
crystal-field, 91, 109
effective, 382
eigenfunctions of, 249, 254
electronic, 245
group of, 82, 96, 98
Hartree-Fock, 161, 162
hydrogen-like, 93, 98, 129
many-electron, 339
matrix elements of, 163-165, 174-177, 189, 194,
198, 206, 244
molecular, 198
one-electron, 66, 282, 338, 339
perturbation, 209
spin—orbit, 338
spinless, 343
two-electron, 96, 103, 108
Hartree—Fock equations, 159-160
Hermitian, 21, 27, 29, 35, 37, 83, 309, 341, 410, 412
adjoint, 412
matrix, 309
hole, 92, 95, 107, 117, 368
homomorphic, 421
Hund’s rules, 98, 99, 107, 120, 204, 210, 222, 223,
225,226, 237
hybrid orbitals, 167, 168, 217, 232
hydrogen, 39, 54, 123, 140, 157, 183-185, 208, 381
angular symmetry of orbitals, 161

hydrogen-like orbitals/hydrogenic orbitals, 130,
161, 167, 193

improper rotation, 416
inequivalent
carbons, 384, 385
electrons, 145, 304
irreducible representations, 72, 356, 362, 423, 424
wavevectors, 256257, 364, 368, 382, 404, 405
integral
Green’s function, 331
interaction, 162, 178, 215, 217, 233
overlap, 162-164, 167, 179, 189, 191, 215, 233,
237,238, 289, 291, 382
internal coordinates, 5, 31
invariant, 96, 111, 238
under full rotation group, 66, 95, 443
under g, 270, 283-284, 369, 372
under inversion, 172, 203
under Oy, 296, 314
under point group, 253, 415
under reflection, 203, 243
under similarity transformation, 412, 413
under space group, 245, 320
under subgroups, 346-349, 351, 353, 356-360,
362,416-418
under time reversal, 346
under translation, 241, 249, 263, 346
inverse, 5, 10, 16, 26, 70, 167, 245, 254, 316, 331,
409, 411, 412, 415, 416, 419, 421, 422, 424
inversion, 4, 33, 34, 66, 77-79, 89, 94, 99, 100, 114,
117, 168, 172-174, 180, 195, 196, 199, 203-206,
213,227, 245, 272, 302, 310, 337, 343-346, 350,
358, 369-372, 377, 392, 393, 415, 416, 421,
427-428, 462-464
irreducible
representations, 14, 17, 22, 25, 42,72, 197, 198,
268, 310, 360, 362, 450, 457
tensors, 442, 444
isotope, 3, 327, 328, 331-333
isotopic substitution, 54, 56, 58

Jahn-Teller effects, 116

Koopman'’s theorem, 160

lattice, 241, 243, 249-255, 259, 262-264, 278,
280-285, 290, 294, 295, 299, 302, 304, 305, 307,
309-313, 317, 320, 322, 327-331, 333, 336, 350,
358, 378, 380-382, 384-387, 390

Bravais, 239, 241, 242, 259, 260, 312
reciprocal, 243-244, 246-247, 252-254, 257, 258,
265-268, 276, 277, 283, 335, 343-345, 363, 364,
368, 376, 389, 395, 399, 401, 402, 408
LCAO method, 161, 162, 282, 290
longitudinal, 311-313, 317, 319, 334-336, 375

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9781107028524
www.cambridge.org

Cambridge University Press

978-1-107-02852-4 — Applications of Group Theory to Atoms, Molecules, and Solids
Thomas Wolfram , Sinasi Ellialtioglu

Index

More Information

Index 469

magnetic, 67, 72, 74, 75, 90, 100, 112, 138, 150,
153155, 226, 280, 337, 338, 341-344, 346-350,
353, 356-359, 361, 367, 444
matrix elements, 2, 10, 21-23, 27, 28, 34, 43, 50-55,
58, 60, 79, 83, 84, 88, 89, 99, 103-104, 109, 111,
113, 114, 120, 127, 129, 139, 161-165, 171, 174,
176, 179, 185, 189, 206, 215, 224, 237, 238, 255,
259, 270, 271, 275, 283, 289, 294, 296, 306, 309,
312,317, 319, 327, 335, 336, 361, 371, 413, 422,
425, 426
matrix representations, 8, 10, 41, 80, 81, 85, 170, 421
Miller indices, 277
mirror plane, 257, 350, 392, 464
molecular, 9, 59, 158, 182, 183, 211, 223, 327, 361
bond, 163, 168, 179, 185, 222
complex, 90, 116, 227, 228
configurations, 192, 199-201, 204, 209, 210, 227
Green’s function, 52-54
orbitals, 192, 193, 198, 199, 202, 209, 210,
219-222, 225, 236, 237
state/level, 32, 159, 161, 171, 179-181, 185-188,
190, 192, 193, 195, 198-203, 205, 209-210, 212,
213,219-221, 224, 225, 233, 236-238, 282, 429
vibrations, 1-3, 5, 15, 23, 29, 32, 35, 40, 52, 53,
165, 219, 304, 429

nanotube, 363, 383—407
curvature and energy gap, 406, 407
density of states, 403—406
energy bands, 393401
metallic and semiconducting, 401
Néel temperature, 358
neutron scattering, 313, 317
normal divisor (factor subgroup), 347, 418
normal modes of vibration
AB» molecules, 39, 44-51, 53
ABj3 molecules, 64
crystalline solids, 304-328
graphene, 370-381
infrared-active, 31, 34, 42
parity, 32
Raman-active, 33
squarene, 1-30

octahedral complex
correlation diagram, 115
dl crystal-field theory, 90
d? crystal-field theory, 94
a* splitting of energy levels, 117
eg—ag splitting, 76, 94
high- and low-spin states, 226
Jahn-Teller effects, 116
ligand-field theory, 211
octahedral group (O and Oy,), 74-77, 83, 361,
449-454
action table, 450
character table, 449
elements and operators, 449

optical
infrared absorption, 31-34, 42, 314
modes, 316-317, 324, 326, 333
properties, 31, 158, 301
Raman scattering, 33, 34, 43, 84
optical modes of vibration
optical branches, CsCl structure, 314, 327
optical branches, graphene, 372
optical branches, perovskite structure, 320
order
bond order, 204, 205
group, of, 10, 170, 415, 418
levels of a transition-metal complex, 235
magnetic, 346-350
molecular levels, 222
orthogonal/orthogonality of
atomic/atomic-like orbitals, 93
characters of different irreducible representations,
16, 423
Lowdin orbitals, 166
matrix elements between different irreducible
representations, 21, 111, 275
matrix elements of different irreducible
representations, 423-425
orthonormal vectors, 411, 413
overlap integral/matrix, 162-167, 174, 176, 179, 189,
191, 194, 198, 215, 233, 237, 238, 289, 291, 382
oxygen
ABOj3 phase factor, 285, 286
atoms, 183, 185
bands in perovskites, 299-301
H,O molecules, 184
LCAO interactions, 294
m and ¢ orbitals, 286, 287
sites in perovskites, 190, 191

paramagnetic, 226
type II magnetic group, 347
type III magnetic group, 348
parity, 32, 94, 150, 199, 261, 447
partner basis functions, 173, 343, 375, 426
Pauli, 155
exclusion principle, 96, 98, 99, 145, 150, 159, 221
spin matrices, 123-128, 130, 339, 382
periodic boundary conditions, 239, 245, 251, 264,
381, 389
point groups
basic theory (Appendix B), 415
character tables (Appendix C), 430
covering group, 3, 62, 64, 415, 416, 419, 420, 422,
429
irreducible representation, 12-20, 42, 72, 127
irreducible representations for O, Oj, (Appendix
E), 449
irreducible representations for T', T; (Appendix F),
455
polarizability, 33, 317
primitive
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lattice vector, 239-243, 246-248, 251, 276, 277,
363, 364, 384-386, 390, 391
reciprocal-lattice vector, 246248, 257, 276, 277,
363
projection operator, 22, 426-427
proper rotation, 66

quantum
coupling of two systems, 442
phonon, 304
probability, 32, 33
theory, 126, 139, 304, 341
tunneling, 118

quantum numbers, 66, 72, 82, 93, 100, 112, 122, 422,

442, 444

diatomic molecules, 198
j—mj coupling, 140, 141
L-S coupling, 130, 135

rearrangement theorem, 38, 345, 417, 418
reciprocal lattice, 243-244, 246-249, 343, 344
body-centered cubic, 247, 276, 278
Brillouin zone, 247
energy bands, 265-268
face-centered cubic, 248, 278
graphene, 363, 364, 366, 372, 389
Herring rules, 345
hexagonal, 247, 248, 257, 259, 276
nanotube, 395, 401, 402, 408
simple cubic, 248, 276, 277, 284, 335
representations
Cyqy, 9-11, 126, 318, 428, 431
character of, 16, 17, 170
compatibility, 260
constructing, 8—12
co-representation, 350-357
Dy, 116,272,363
decomposition of, 13-15, 27, 28, 42, 75, 76, 83-84,
173, 183, 191, 213, 229, 269, 286-287
dimensionality, 423424
direct product, 76, 79-83, 96, 97, 121
equivalent, 4, 9, 12, 72, 121, 211, 252, 356, 423,
425
faithful, 421
full rotation group, 68-72, 85
half-integer, for, 86, 127, 130, 150-152, 359
irreducible, 12, 17, 22, 25, 47,75, 197, 198, 268,
315, 360, 362, 450, 453
matrix, 8-12, 19, 41, 85, 170, 195, 250, 421
non-symmorphic, 264
number and type of irreducible representations,
15-19
O and Oy, 310, 450454
orthogonality, 17-20, 423-425
perovskite, 284
plane-wave, 265-267
regular, 37-38
reducible, 12-15, 72

space group, 258, 268

symmorphic group, 255

T4, 459461

unitary p® matrices, 72—-86
rotation group, 66-72, 75

characters of a rotation, 76

decomposition, 97

representations of, 70, 71, 85, 87, 127, 446448
Russell-Saunders coupling (L—S coupling), 95, 96,

99, 129-132, 135

scalar
constant, 2, 35, 41
operator, 125, 253
product, 18, 125, 341, 394, 410, 411, 444
tensor, 442444
Schrodinger equation, 123, 150
Schronflies notation, 350
Schur’s lemma, 424, 425
screw
axis, 246, 350
operation, 391, 392
rule, 422, 449
selection rules, 33-34, 82-85, 94, 113, 205, 302, 312,
443
similarity transformation, 12-16, 19, 21, 26, 29, 30,
50, 165, 227, 316, 421-423
simple cubic lattice, 262, 266, 269, 283, 309, 310, 312
singularity, 332, 405, 406
Slater determinant, 74, 98, 101, 106, 107, 121, 131,
159, 161, 182
space groups, 239, 242, 244-246, 248, 249, 268, 282,
304, 333, 342, 343, 346, 353, 358, 369, 391, 393,
415
definition of, 244
non-symmorphic, 246, 264
symmorphic, 246, 249, 252, 255, 258, 283
spherical harmonics, 67, 76, 85, 88, 104, 119, 121,
150, 158, 161, 443
spin—orbit
Hund’s rules, 98, 99
interaction, 67, 138—140
Jj—Jj states, 95, 143-149
j—mj states, 140
L-S states, 129
molecular orbitals, 199
nuclear-shell model, 149
splitting, 140
time reversal, 338340
Zeeman effect, 153
spinors, 124, 125, 127, 129
squarene, 1-3, 6,7, 11, 15, 16, 20, 22-23, 26, 28-30,
32, 33, 36, 38, 68, 168-171, 175, 179, 180
star of the wavevector (of k), 255-258, 261
Stokes transition, 33
subgroup, 246, 250-256, 258-260, 267, 283,
346-349, 362,416,418
factor group, 259, 418
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invariant, 346-349, 351, 353, 356-358, 360, 362, space-group operations, 241, 244-246

417-418

symmetry-function-generating machine

crystal field, 108

direct product, 84

graphene, 370, 372, 375, 378, 380

H,O0, 46, 49

LCAO model, 181

octahedral complex, 215, 223

perovskite energy bands, 288

plane wave, 269, 270

projection operator, 426, 427

space group, 264, 272, 288

squarene, 22, 23

tetrahedral complex, 231

tensor, 33, 83, 442448
tetrahedral

group, 455-461

splitting in crystal field, 235
time-reversal symmetry

antiunitary operators, 342

band theory, 342-345

Cs, 428

co-representation, 350

external field, 341

Frobenius—Schur test, 357

Herring test, 344-346

Kramers’ theorem, 427-428

magnetic group, 346-352

MnF,, 357-358

operator, 338-342

partners, 375

quantum systems, 337-340
trace of a matrix, see character
transformation

A B> molecule, 50, 51, 60

ABOs3, 323

Bloch waves, 272

graphene, 370

inversion, 240

LCAO model, 165, 176, 180

matrices, 421

point group, 421423

rotation group, 66, 69

similarity, 121, 412, 413

spin, 128, 145

squarene, 12-16, 19, 21, 26, 30

tensor, 443, 444

time reversal, 354

two atoms per unit cell, 316
translation

A B, vibration modes, 43, 44, 49

perovskite vibration modes, 323, 325

squarene electronic states, 170
squarene vibration modes, 2, 23-33

unit cell, 239, 241, 243, 247, 262, 266, 276, 280-282,
284-286, 289-292, 295, 296, 298, 301, 302,
304-312, 314-315, 320-322, 324, 327, 333, 334,
336, 358, 363, 364, 371, 375, 376, 384, 386, 389,
392-393, 401, 404, 429

unitary

co-representations, 353-357

Hamiltonian, 166

magnetic group, 346-349

matrices, 12, 59, 330, 356, 362, 412, 413, 421, 423,
425

rotation group, 85

time reversal, 337, 341-342

valence
graphene bands, 364, 366, 408
H;O states, 186
M L4 complex, 228
nanotube bands, 383, 396-398, 400, 401, 405, 407
perovskite bands, 300-301
variational principle, 159
vector
angular momentum, 86, 95
basis, 21
displacement, 2, 5-9, 21-23, 26, 40, 41, 44-45
electric dipole, 32
inversion, 77
normalized, 24
orthogonal, 17-20, 25, 31
rotation group, 68, 70-73
vibrations (lattice vibrations)
axially symmetric model, 307-308
eigenvalue equation, 305
graphene, 369-381
localized modes, 327-337
perovskites, 320-327
simple cubic crystal, 314
two atoms per unit cell, 316-320
vibrations (molecular vibrations)
A B molecules, 39-52
isotopically substituted A B molecules, 52-60
isotopically substituted H» O molecules, 60, 61
squarene, 1-34

water (H> O molecule)
force constants, 61
isotopically substituted vibrational frequencies, 60
vibrational frequencies, 61

Zeeman effect, 153-155

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9781107028524
www.cambridge.org

