
2-CLE (2-chloroethanol)   204, 221–225
1,2-butanediol   57

AA (acetic acid)   65, 68, 70, 72, 79, 
102–103

absorbance   31, 288–289, 291
absorption band   60, 186, 277, 283, 301, 

314, 347, 351–352
   strong   308, 370
   weak   239, 370
absorption coefficient   275
absorption spectrum   66, 74–75, 185, 193, 

205, 397 see also infrared spectrum
acetic acid see AA
acetone   248–249, 251, 253
propionic acid   65, 68–70
activation barrier   19, 311, 316, 358–359, 

362–363, 464
activation energy   26, 39, 300, 310–311, 

313, 322, 434–435, 438, 464
adsorbed species   268, 274, 277, 280–282
adsorption   152, 267–298
adsorption heat   279–281
adsorption measurements   269
aldehyde-ketene, conjugated   63–64
alumina   271, 273
amino acid   52, 369, 471, 480
ammonia   46, 210, 213–214, 217–220, 

256, 259, 261, 271–272, 278, 283, 
287, 352, 354, 374

ammonia cluster   46, 203–204, 210, 214, 
219–220

ammonia dimer   214, 216
amorphous solid water see ASW
anesthetics   260
anesthesia   443
anharmonic coupling   278–279, 482, 486
anharmonic effect   295, 469, 472, 478–

479, 482, 484, 491–492
anharmonic scaling   472–473
anharmonicity, intrinsic   484–485, 487
anion
   photodetachment  10–11
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   stabilization in rare-gas matrices  16–19
astrobiology   374
ASW (amorphous solid water)   304, 307, 

310, 356–357
atom-molecule reaction, simple   26
atomic deuterium   121, 124, 126, 130, 

137, 162
atoms
   carbon   62, 395
   heavy   69, 71
   noble-gas   424, 426–429
   rare-gas   5, 15, 168, 195, 449–452
   single   363, 382

band intensity   274, 276, 282–283 see also 
infrared intensity

bandwidth   185, 277–279, 390
barrier, torsional   65, 69–71
binding energy   210, 214, 226, 298, 

355–357, 427
biological macromolecule   52, 474, 482
biomolecule   384, 469–496 

cage effect   86, 88, 97, 167, 174, 301, 
307, 329

cage exit   86–87, 431–432
cage recombination   2–3, 20
Cancellation Principle   169, 173, 184
carbon dioxide   350
carbon monoxide   15
chemical bonding   25, 421–422
chemical bond*   274, 420–421, 425, 428 
chemical diffusion   110–111
chemical evolution   305, 343
chemical pathway   297, 303, 319, 323, 

328
chemical reaction* 1, 96, 267, 428, 447
   irreversible   97
   low-temperature   452
   tunneling 109–110, 197

*Many chapters of this book describe this subject, and there are much more relevant places than shown here.
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   grain-surface   345, 352–355, 362–363, 

374
   ice   345
   organic   359–360
   organoxenon   424
   radiation-induced   307, 312, 323
   solid-state   297, 305
   surface 341, 354, 363
chloroform   241, 243
chromophores   205, 400, 471, 489–490
cluster size   113, 210, 213, 215–217, 219, 

226
cluster surface   113, 122, 125, 137, 142–

143, 150, 152, 161–162
cluster
   close-packed   220
   molecular   209–210
CO adsorption   271–273, 282, 286, 

290–291
coherence
   classical   89–90
   quantum   85, 89, 94–95
combination mode   76, 473
complex band   242–243, 246, 256, 260, 

262
complexation   15, 256, 420, 440
complexation enthalpy   244–245, 247, 

261–262
concentration study, isothermal   243
conformational change   51–84, 387, 392 
conformational cooling   53, 55–57, 61, 79
   massive   57–58
conformation, molecular   52, 73
conformer   51–61, 63–65, 80, 221–226, 

469–470
   anti   57, 62
   higher-energy   53, 58
   low-energy   59–60
conversion, nuclear spin   171
coolant   268–269, 280
cooling rate   78, 102–103
cosmic rays   353–355
coupling anharmonicity   486–487
cryogenic solution   231–269 cryosolution   

224, 231–233, 239, 241, 244, 246–
247, 250, 261 see also cryogenic 
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Debye-Waller factor   388, 390
density functional theory (DFT)   35, 61, 

451–452
dephasing   90, 92–95, 97–98, 100, 101, 

175, 396, 401, 407–409
dephasing time   97–98, 100
deuterated species   362, 434
deuteration   68, 70, 283, 362–364, 429
deuterium fractionation   362–364
deuteron   120, 122, 133–135, 137–140, 

143
DFT see density functional theory   
dialane   25, 30, 32
diatomics   85, 87, 96, 281
diatomics-in-molecules see DIM
diffusion, quantum rotational   170
DIM (diatomics in molecules)   87, 447, 

449–450, 454, 456, 460–461
dimer   13, 67, 69, 72, 98, 101–103, 211–

216, 241, 301, 478
dipole   29, 52, 59, 72, 88, 151, 183–184, 

190, 193, 215, 220, 221, 240, 248, 
254–256, 274, 283–285, 289, 361, 
390, 393–394, 403–404, 440, 461

discharge sampling  6–8
dopant clustering   170
dopant-induced IR absorption   193–194
dopant molecule   169–170, 174, 178, 187
   single   403

E-crotonic acid   62
electron affinity   11–12, 16–17
electron spin   121, 125, 135–136, 138–

139, 408–409
electron spin echo envelope modulation 

see ESEEM
electron spin resonance see ESR
electron transfer   77, 420
electronic spectrum 452
electronic sputtering   301
electrostatic model   273, 275, 289–290, 
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elementary excitation 207–208
“elusive” conformers   58
energy, photodetachment   10
ESEEM (electron spin echo envelope 

modulation)   119–120, 136, 141, 
144

ESR (electron spin resonance)   107–108, 
111, 114, 133–134, 154, 182, 
305–306

Europa   301
evaporation   204, 215, 365
excitation density   314, 317, 323–324, 

332, 334
excitation
   delocalized   167, 183
   elementary   207–208

FA (formic acid)   65, 68–71, 79–80, 101–
103, 185, 352, 361, 451

Fermi resonance   66, 257–258, 260, 477
fluence   309, 312, 314–316, 322, 325, 

330, 332
   low   313, 316, 318, 321–322, 324, 333
fluorescence   311, 385, 387, 389–390, 

395, 405, 453
formaldehyde   352
formic acid see FA
four-wave mixing (FWM)   94
free radical   1–3, 5–7, 9, 11, 13, 15, 17, 

19–21, 23, 107–108, 111, 113–114, 
124–125, 131, 142, 150

Ganymede   300
gas, solvent   238–239
gauche conformer   55, 57
global mobility   435–436, 446
glycine   58–59, 221, 478, 482

haloforms   249–250, 255, 259
HArF   5, 420, 425, 429–432, 437, 439, 

441, 460–464
HArF formation   432, 446

heat, isosteric   280–281
helium, superfluid   116–117, 120–121, 

132, 203–204, 226, 471
helium atom   150, 203, 205
helium droplet   203–230
hexamethylenetetramine   367–368
HONO see nitrous acid
HXeOH   434, 437, 441, 459
hydrogen, solid   30, 32, 69, 72, 80, 149, 

198–199
hydrogen absorption   72–73
hydrogen bond   58, 71, 210–211, 213–

214, 217, 220, 222, 225, 231–232, 
240, 245, 261, 286–287, 289, 292, 
481

hydrogen isotope   107, 114, 120, 122
hydrogen peroxide   314
hydrogen tunneling   69, 71–72
hydrogenation   345, 358–359, 361

ice
   amorphous   334
   irradiated   301, 305, 308, 310, 321, 328, 

368
   photolysis of   302–303, 325
   polycrystalline   304
ice photochemistry, interstellar   365
ice species   366, 368
ice spectrum   369–370
ice surface   270, 356–357, 361, 366
icy body   297, 304, 324–325
IDPs (interplanetary dust particles)   368, 

375–376
impurity helium condensates (IHCs)   

107, 112, 114, 116–117, 120–121, 
125–126, 129–130, 133, 137, 144, 
148, 150, 161

oxygen inclusions   301, 304
infrared (IR) absorption*   2, 5, 10, 13, 34,  

37, 171–173, 272, 274, 343, 432 
infrared intensity   203–204, 210, 213–215, 

225, 244
   changes in   245
infrared (IR) spectroscopy* 30, 167–168, 

170–171, 173, 198, 233, 267, 270, 
341, 343, 346, 361, 368, 371, 479 

*Many chapters of this book describe this subject, and there are much more relevant places than shown here.
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infrared (IR) spectrum*   7, 10, 18, 27–28, 
31, 34–36, 39–41, 43–45, 170, 184, 
188–191, 193, 205, 222, 236, 255–
256, 344, 365, 369, 440, 464, 479 

inhomogeneous broadening   133, 135, 
167, 170, 177, 278–279, 386, 390–
391, 401, 403, 

inhomogeneous width   393
interaction
   anharmonic   473, 480, 484–485
   direct   284–285, 475
   hyperfine   112, 154, 158
   ion-matrix 12–16
   lateral   267
   quadrupole   290
   static   284–286
interconversion enthalpy   221, 224
intermolecular distance   63, 214, 393, 

401, 403
intermolecular interaction   52, 97, 168–

169, 171–172, 174, 183–184, 192, 
194, 267, 285, 294

interplanetary dust particles see IDPs
interstellar grain-surface chemistry   345, 

354, 363
interstellar ice analog   357, 359, 365–368, 

370–371, 373, 375
interstellar ice band   346–347
interstellar ice composition   343–344, 

346, 364
ion bombardment   334
ion irradiation   300, 313, 318, 322
ionization energy   5, 7–9, 11, 13, 16, 27, 

372
IR absorption see infrared absorption 
IR activity   194–196
IR spectroscopy see infrared spectroscopy 
IR spectrum see infrared spectrum 
IR windows   234–236
isomerization 2, 20, 68, 74–80, 101, 103, 

225, 288, 291, 374, 432
isomer   3, 44, 58, 62–64, 66, 291, 398, 

403
isomerism   267, 287–292, 423
isotope   29, 42, 281–284, 292, 361, 

441–442
isotope effect   71, 80, 432, 434

kinetic energy   2, 215, 220, 451
kinetics   107, 112, 120, 170, 176, 210, 

303, 311, 318, 364, 433–434, 437
knock-on sputtering   299
krypton nanocluster   144, 149–150

laser ablation   25–26, 29, 47, 196
lattice defect   436
linkage isomerism   267, 289, 291–292
liquid helium   114–116, 176, 204, 207–

209
liquid helium temperature   139–140, 269, 

392, 403, 405
lithium superoxide   27
local mobility   435
low-energy electron   10, 314–315, 

322–323
low-temperature matrix   65, 98, 203–209, 

360, 420, 425, 447–448, 450, 453, 
459

Marcus theory   77
matrix effect   57, 69, 72, 435, 452
matrix isolation*   1–6, 9, 14, 26–27, 

58–59, 66, 79, 102, 107–109, 111, 
113, 115, 117, 119, 121, 123, 125, 
127, 129, 131, 133, 135, 137, 343, 
420, 426, 432 

matrix isolation spectroscopy (MIS)*   47, 
167–173, 175, 177, 179, 181, 183, 
185, 187, 189, 191, 193, 195, 197–
199, 201, 203–209, 470, 488 

matrix shift   13, 28, 448, 452–453, 471
MD (molecular dynamics)   1, 85, 87, 451
MD simulation   87, 451, 454
metal cluster   447, 451–452
metals, alkali   17–18
methane   39, 43, 276, 293
methanol   7, 196, 220, 342, 350–352, 

362–367, 369–370
methyl cyanoacetate   54
mixed crystal   391–392
modeling, molecular   447, 465

*Many chapters of this book describe this subject, and there are much more relevant places than shown here.
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molecular clouds   342–344, 355, 358, 
361–362, 366

   dense   364, 370
molecular complex   13, 86, 97, 103, 226, 

204, 231–232, 240, 247, 260, 262, 
440

molecular conformer   221, 226
molecular dynamics see MD
molecular ion   1–3, 5–7, 9, 11–13, 15, 17, 

19–21, 23
molecule, interstellar   362

neon   7, 13, 25–27, 30, 60, 120–121, 457
   solid   19, 28, 34–35, 72
neon atom   8–9, 15–16, 123, 454
nitrido trihydride   46
nitrous acid (HONO)   51, 66–68, 74–80, 

101
NMR (nuclear magnetic resonance)   118, 

133, 157, 172, 408
noble-gas chemistry   419–446 
noble-gas compound   419–446 
noble-gas hydride (HNgY)  419–420, 

430–443, 445
noble-gas matrix   356–357, 432, 435–436, 

470, 488 see also rare gas matrix
noble gas   419–423, 425, 427–429, 441, 

444 see also rare gas
nonadiabatic dynamics   91
nonlocality   91
nuclear magnetic resonance see NMR
nuclear spin   120, 136, 138, 141, 153, 403, 

408–409

orthohydrogen   169
outer solar system   297
overtone   65–66, 69, 210, 216, 259–260, 

262, 350, 473

PAHs (polycyclic aromatic hydrocarbons)   
352–353, 370–372, 385, 413

parahydrogen   121, 167–202 

phonon band   67
photoactive yellow protein (PYP)   489–

491
photochemistry   27, 62, 91, 174, 353, 364, 

365, 367, 370–373
photodetachment   2–3, 10–11
photodissociation   10–11, 19, 87, 88, 174, 

355, 430–431, 450, 483
photoinduced harpoon reactions   86, 88
photoionization   5
photoisomerization   8
photophysics   85–87, 381, 397–398, 410  
photoprocess   4, 5, 7, 20, 97, 169, 185, 

292, 374, 
photoreaction   100, 103
polarizability   72, 248, 276, 285–286, 289, 

356–357, 404
polarization   95, 98–100, 156–157, 192, 

193, 248
polarization beat phenomenon   100
polycyclic aromatic hydrocarbons see 

PAHs
polymer   373–374, 383, 393–394, 401
polyoxymethylene (POM)   367–368, 374
potential energy surface (PES)   8, 37, 54, 

62, 100–101, 447–448, 450, 454–
456, 458, 462, 469–470, 472–473, 
475, 481, 489

proton affinity   13, 15
pump-probe   75, 88
PYP (photoactive yellow protein)   489–

491

quadrupole   169, 183, 190, 289–290
quantum solid   108, 171–172, 188
quantum yield   67–68, 73, 75–79, 97, 103

radiation chemistry   297, 303, 323–324
radiation product   298, 305, 319
radiation source   1–3, 97
radiolysis   178, 297–298, 301–303, 305, 

309, 324–325, 334
Raman scattering   94–96, 100, 389
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Raman spectroscopy   191, 239–240, 256, 
479, 489

Raman spectrum   28, 92, 101, 232, 239, 
255–256, 262, 489

rapid vapor deposition see RVD
rare-gas matrix 2, 7, 13, 16, 19, 20, 97, 

371, 447, 449–450, 453, 459, 465 
see also noble-gas matrix

rare-gas solid see RGS
rate constant   111, 125, 127–128, 131, 

151, 161, 176, 322, 325–327, 329, 
331

reaction barrier   64, 70–71, 73, 363, 432, 
437

reaction network   353, 358, 360–361
reaction scheme   311, 364
reaction
   bimolecular   87–88, 101
   polymerization   353
   spontaneous   25, 33, 36
   tunneling 69, 107, 110–112, 114, 

122–123, 127–128, 130–131, 144, 
161, 360

reactive species   1, 319–320, 353–354, 
437

reactive state   75–78
reactive vibrational excitation (RVE)   67, 

69
real time 74, 80, 86–88, 93–95
recombination, in-cage   431
residual fluorescence   389
RGS (rare-gas solid)   1, 85–87, 100, 

167–169, 171, 180, 449
rotational dynamics   170, 205–209
RVD (rapid vapor deposition)   168–170, 

178, 181, 191

shifts
   adsorption-induced   273
   complexation   248–249, 251, 253–254, 

257–258, 260–261
   dynamic   284–285
   isotopic   29, 46
silica   271, 273, 277, 279, 281–283, 286–

287, 289, 293

single-molecule electroluminescence   404
single-molecule line   391, 405
single-molecule spectroscopy 381–418 
single photon   173, 381, 404, 406–407
solid parahydrogen (pH2)   167–202 
spectrum
   anharmonic   477–478
   difference   293
   molecular   205–206, 208
   single-beam   235
spectral band   67, 212, 448, 453, 460
spectral diffusion   381, 384, 392–393, 

395, 403, 408–409
spectral hole-burning   403
spin dynamics   408, 410
spin echoe   133
spin flip   125, 131, 133, 408–409
spin state   139, 207, 408–409
stability, relative   55–56, 244, 247, 249
stabilization   2, 4–5, 13, 18, 20, 226
stoichiometry   44, 242–243, 308, 317
supercomplex   33, 36
superfluid helium droplet   204, 226, 471
superfluidity   205–207, 227
surface cation   272, 282, 287, 289
surface charge   267
surface complex   267, 279, 281
surface hydroxyl   271, 287
surface migration   355–356
system
   host-guest   387, 405
   mimic   489–490
   single-molecule   384
   solar   297–298, 304, 324–325, 342, 376

temperature accelerated dynamics (TAD)   
464

temperature
   absolute zero   204–205
   ambient 220, 393, 420–421, 424–425, 

470, 489
   cryogenic   198, 203–204, 385, 387, 391, 

394, 410, 420
   elevated   70, 180, 275, 316, 441
   inverse   224, 244–245
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   onset   113
   ultralow   152–153, 155, 158
   variable   114, 269, 277–280
tetramer   213–214, 216
thermally promoted reaction   374
three-body recombination   153–154
time evolution   129, 464
time-resolved spectroscopy   74, 80, 133, 

279
TLS (two-level system)   394, 398, 401–

402, 406
transition
   cooperative   194, 196
   forbidden   121, 125–126
   optical   396, 408, 410
transparency   232, 236, 283
trimethyl phosphate   59
tungsten hydride   34–35, 46

ultraviolet (UV) irradiation   29, 34, 36–37, 
39, 44, 62, 365

ultraviolet (UV) photolysis   3, 32, 308, 
345, 360, 366–367, 431

ultraviolet (UV) photons, cosmic-ray-
produced   354–355

vibrational excitation   64, 69, 72, 80, 169, 
172, 175, 195, 277

vibrational relaxation   75, 76, 79, 91, 102, 
225

vibrational self-consistent field see VSCF
vibrational spectrum*   247, 249, 255, 260, 

277, 465, 470, 474, 482, 484–486 
see also infrared spectrum and 
Raman spectrum

vibrational spectroscopy*   263, 469–472, 
480, 486, 489, 491–492 see also 
infrared spectroscopy and Raman 
spectroscopy

vibrational transition   183, 347, 473
vibration, molecular   472, 494
VSCF (vibrational self-consistent field)   

469, 471, 474–479, 483, 490–491
VSCF calculations   476–477, 482–483, 

486, 491
VTI (variable temperature insert)   114

water cluster   210–211, 212–215
water dimer   214–215, 478
water ice   297, 299–301, 303, 305, 307, 

309, 311, 313, 315, 317, 319, 321, 
323, 325, 333–335, 370–372

wavepacket   100
window material   234–235, 241

X-ray scattering   116

Z-crotonic acid   62
zeolites   272, 275–276, 287, 289–290, 292
zero-phonon line (ZPL) 96, 385–386, 388, 

390, 395–396, 400, 405, 407
zero-point energy (ZPE)   108, 174, 221, 

362, 438–439

*Many chapters of this book describe this subject, and there are much more relevant places than shown here.




