Index

absorption 25-27,45-46,
61-63,72-78,87-88,92, 104,
106-107,111, 113,122, 129,
135-136, 148, 349
optical 28, 44, 65, 145
temperature-dependent 48,
116,120-121
absorption bands 23, 46-48,
50, 60-61, 67-68, 72-75, 77,
84-85,92, 136, 349
excitonic 67-68, 74, 89-90, 350
lowest-energy 107, 109
nondeconvoluted 73-74
absorption energies 46-47, 49,
107,110, 150
lowest 49, 109
absorption intensities 48, 84
integrated 48-49
absorption rate 346-347
acoustic phonons 75, 104,
123-124,126,130-131, 136
activation energies 126-127,136
AFM, see atomic force microscopy
Ag clusters 29-30, 32, 106, 260,
262,267-268, 270,273,276
Agnanoclusters 259-261, 267,
269, 272-277
zeolite Y-synthesized 274-275
amorphous materials 196-197
amplitudes 7, 14, 79, 239, 300,
320,324,327
relative 308,321
antibunching 148, 153-154, 240
applications 2-3, 28, 32,42-43,
105, 143-144, 156, 165-166,
220, 222,230-231, 236, 241,
260-261, 265
applied field 232

approximation 2,13,53,117,122,
182,208, 241, 285-286, 335,
364

atomic force microscopy (AFM)
145, 273

atom number 260, 270, 275

atoms 1-2,10,29-32, 81, 143,
206, 260, 262-263, 265, 267,
270,275

single 29, 145

bands 53,58, 60-61, 68,
71-75,77,84-85, 87,89, 91,
109-110, 178, 224, 322-323,
326-328

conduction 4,13,21-22, 25, 43,
197,325

beam splitter, dichroic 159, 161,
218,314,316-317

biexcitons 19-20

binning time 161-163,168-169,
184,293,348

biological applications 277

blinking activity 236, 239, 344,
347-348

dynamics 189,191-192, 206,
208, 214-215, 217, 222,
226-227, 236, 238,335-337,
349,351-352, 358, 366-367

mechanisms 199, 206-207

parameters 167,342-343,362,
364

processes 9,11,13, 153,187,
190, 205-206, 211, 213, 235,
296,301, 309, 311, 347-348

statistics 171, 189, 209, 233,
334,367
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Index

time trace 175-178, 180, 182,
184-186, 189, 215, 217-219,
285, 290-291, 295, 306, 308,
316,318,326-327

brightness 262,270-271

calculations 10, 15,17, 19, 64, 82,
93,129-131, 336, 354, 362

capping ligand layer 78, 105-106,
117

CCD, see charge-coupled device

CdSe 2,4-5,8-9,12-13, 21,47,
49,77,121,124-127,129,
131, 133, 325, 327

CdSe nanocrystal quantum dots
19-20

CdSe quantum dots 18, 41,
172-173,227-229

cells, electrochemical 231, 233,
235,240,333

change point analysis (CPA) 166,
175-181, 183, 185-186,
203, 206,209, 217-218, 228,
284-285, 287, 293-299, 303,
314-316,366-367

charge-coupled device (CCD) 158,
161

charges, ejected 192-193, 195,
198, 227

charging model 190, 330, 336

chemical nature 82,221,356

chemical reactions 17,22, 30

classes 1,24,42,57,188,301,
310, 325-326, 334

clustered intensities 210, 286,
292,310,324

clusters 12, 24-25,29-32,
259-262,265-267, 269,
272-273,275,278

single 267,269, 276
cluster sizes 29, 260, 275
color code 210, 287,327-328

components 8,47-49, 52-54,
58-59, 61, 67-70, 73, 75,
78-81, 86, 109-110, 298,
304-305, 318,321

long 321

condensed matter 145, 147,150

configuration, electronic 13, 80

confocal microscope 160-161,
185, 314

contributions 68,79, 130-131,
136,146-147,170-171, 273,
321-322,324, 326,328, 354,
356, 358,365-366

relative 60-61, 85,126, 262,
307,318,322, 328
temperature-dependent 73

correlation 30, 60, 78,161,172,
185, 209, 214, 217, 227, 233,
259,261,311, 313

photon 148,151, 153-154

CPA, see change point analysis

CPA-clustered PL intensities 209

CPA-identified PL intensities 177

crystals 10,12, 146,191, 196,
226,240

molecular 148-149, 151, 191,
215

crystal structure 2,4, 21, 23, 43,
63, 66,82,146,221

cutoff rates 346-347,352-353

cutoff time 200, 334, 340, 344,
348,353

dark periods 169-170

dark states 148,151,173,192,
198, 200, 240, 267

dark triplet state 151-154

data storage 261-262, 265,277

DCET, see diffusion-controlled
electron transfer

decay 7,53-54,79,81-82,174,
182,194,211-213, 298,
321-322,339,352



decay components 54, 58, 291,
307,321-322
short 79,322
decay time 58,92,181-182, 185,
288-289, 291, 339-340
constant PL. 291, 304, 329, 331,
333
deconvolution 48-49, 52-54, 58,
163,165, 328,351
deep-level trap (DLT) 83, 85,91
density 5-6, 10, 66,209, 218, 286,
308-310,316-319, 321, 331,
334
increased 176,178,217, 289,
294,322
density functional theory (DFT)
10, 66
dependence 1,59, 69,73,110,
112, 226-229, 302, 305, 343,
345-346, 348, 350, 352,
360-364
absorption rate 347
detection 59, 85, 89, 145,
148-150, 159, 267-268
detection channels 186, 318, 321,
323-324
detection energy 59, 85,87, 89
detection volumes 155-156
detectors 153,159
deviations 46, 48,169, 172-174,
178,183,207, 209, 286, 290,
294-295, 297,301, 305,
364-365
DFT, see density functional theory
diameter 6-7,18,27-28, 30,
107,125,132, 135, 264, 272,
277-278,314
dichroit 185,217,313,319, 321,
324
dielectric constant 5,170, 188,
197, 226-227, 229, 359-360
dielectric function 24-27, 225,
362-363

Index

dielectric properties 7,10, 25, 54,
188,196, 202, 219, 222, 226,
354,358,360, 362,367

diffusion 31, 199-200, 206, 216,
218-219, 274-275, 277

diffusion-controlled electron
transfer (DCET) 200-201

dimensions 28, 199, 206

discontinuity 46, 50-51, 53

disorder 190, 197-198, 202, 205,
357,367

distribution 72, 146, 168-169,
174-178, 186, 191, 194-195,
202-203,207-208, 210,
225-229, 285, 299-302,
313-315,325-331

inhomogeneous 54, 56, 155
large 173,298
probability 181, 193, 326

DLT, see deep-level trap

dye attachment 82,308

dye molecules 11,115, 144-145,
161-162,189, 191

functional 42

dynamics 11, 62, 83,150, 161,
189, 192, 200, 208, 215, 228,
295,301, 308-309, 336

effective mass 5, 7, 25

Einstein model 116,119

Einstein temperatures 117,
132-133

electric fields 25, 189, 214,
230-232, 236,239,361

electromagnetic fields 26,229

electron-hole pair 4,7, 20,231

electronic properties 11-12, 62

electronic states 54,57,61-62,
75, 80, 83, 185, 189, 196, 301,
318, 328-329, 335

electronic wavefunctions 3,191,
193-194
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Index

electron-phonon coupling 48,
74-75, 105, 135, 137,
224-225,229,272,366

electrons 2, 4-5,7-8,15,17,
19-21, 25-26, 192, 194-195,
212,214, 220-221, 224, 233,
360-361

hot 53,87,211, 235,331-334,
367
trapped 195,361-362

electron trapping 213, 289, 339,
351

electro-optic modulator (EOM)
158

embedding matrix 5,169,173,
190, 196, 209, 214, 219,
226-227,303,310, 330, 340,
354,358

emission 18, 58-59, 63, 85, 89,
116, 145, 185, 224, 265, 267,
269-272,309

energy 20,29-30, 60,275

intermittency 171, 200, 205

properties 189, 259-260, 275

spectra 30,268-272, 275

wavelengths 263, 265,
270-271

emissive states 80-81, 83,352

emitters 148, 154,161-162,
188,192, 194-195, 197, 199,
270-271,366

single 145, 149,153-154, 161,
165, 168, 194, 198-199, 201,
214,269-272,274,277

energies 19-20,58-61, 69, 74-76,
79-80, 82-83, 90, 104-106,
124-126,146,195-196,
321-323,328-331, 338-340,
365-367

binding 22, 133,262,358

electronic 64, 146,207,329

low 79-80, 89,121, 340

lower 48, 50,55, 58, 60-61,
107,150, 194, 216, 224, 324,
338-339

photon 271
reorganization 129,196, 219
energy fluctuations 15, 186, 330
energy separation 48, 53,59-61,
63, 68-69, 71-72, 84-85, 92,
111, 128, 240, 326
ensemble data 54, 82,270
ensemble experiments 44, 64,
67,81, 83,145, 154-155, 166,
306, 323
ensembles 15,31, 44, 54, 56-57,
64, 67,80,93, 146-147,152,
154-155, 261, 270, 275-276
environment 3,137,143-144,
166,174,188, 190, 192, 202,
214,219, 330, 336, 341, 367
EOM, see electro-optic modulator
ergodicity 154-155
excitation 31,45-46, 60-61,
84-85,87,89-90,111-114,
120-121, 125-126, 262-263,
270-272,314, 340-341, 349,
353
high-energy 60, 84, 87,
331-332
excitation bands 59-60, 84-85,
89
lowest PL. 60
excitation-dependent blinking
model 351
excitation energy 84, 87-89,91,
137,214, 262,333-334, 341,
347,349-352
high 59-60
low 84,89
excitation intensity 158, 180,
188,192,214, 216, 264, 269,
340-341, 343, 345, 347, 349,
351,353
excitation light 262,274
excitation power 154,173,284,
338, 340-341, 343-344,
346-350, 352-353, 359,
365-366



increasing 344, 346, 348
variation 344, 346
excitation pulses 161, 163, 165
excitation rate 20, 306, 337, 349,
351-353
excitation scheme 352
excitation spectra 59-60, 113
excitation wavelengths 110-111,
113,158,173,270-272,
349-351
excitonic emission 212-213
excitonic energies 5-6, 15
excitonic transitions 77, 86
exciton-phonon coupling 15,
43,73-74,80,103-107, 111,
115,121-122,129,131-134,
136-137
excitons 2,4-5,13, 16, 19-20,
64-65,72,105,116, 129,
212-213,220-221, 224-226,
230,338
exciton states 15-16, 23, 78, 130,
240,337
experimental conditions 81, 107,
350, 365-366
experimental data 117,119,127,
225,284
experimental findings 48, 50, 58,
61,77,131,187-188, 192,
203,206, 208, 353
experiments 55-58, 63-64,
67-68,81-82,106-107,
131-132,151-155, 165,
173-174,180-182, 189-192,
204-205,207-208, 274, 347
ensemble-QD 155
single-QD 155
single quantum object 154-155
exponent 193-195,199-201,
205-207,223
exponential functions 153, 165,
293, 344, 348
stretched 182,290, 305

Index

external fields 229-231, 233,
235-237,239

FCS, see fluorescence correlation
spectroscopy

fitting 48, 54,76,117-119, 124,
128,132,134, 165, 358

fluctuating 185, 201, 215, 218,
313,322,336

fluctuations 131, 168,182, 186,
188,191, 194, 207, 215-216,
219, 325, 329, 331, 336-339,
366-367

fluorescence 28,148,152, 154,
170,192,262-263, 267-268,
270,275,352

fluorescence correlation
spectroscopy (FCS) 155, 167,
267

fluorescence intensity 149, 262,
269,273-274, 276,278

fluorescence intermittency 204,
261

fluorescent labels 259-260, 277

FM, see force microscope

force microscope (FM) 156

function 6-7,9-10, 87-88,
181-184,210-212,217-218,
232-233,239,270-271,
273-274,276,286-287,303,
317-320, 351

intensity correlation 152-153

Gaussian 48-49, 59, 84,119, 130,
225,271,318, 326,343

Gaussian components 45-47, 49,
51-53,55,59, 76, 78, 84, 86,
91,130

gray bars 316-317

groups 163,196-197, 214, 219,
224,227,294,297,301-303,
310,312,316, 350, 355-357,
365

silanol 301-302, 356
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Index

hierarchy 202,213, 333

high-temperature range 120-121,
125,132,134

histogram 152,169-170, 172,
223,234-235

holes 2, 4-5,7-8,13, 15,19-20,
192,194-195, 213, 220, 233,
331, 335-336, 338, 365

hole states 13,63,67,77,92,136

homogeneous width 147-148,
220,329

Huang-Rhys factors 129-130,
224,226,229-230

identification 135-136,190-191,
284-285, 287, 289, 291-293,
295,297, 299, 301, 303, 305,
307,329-331, 337
impurities, chemical 16,207,214
increments 76, 290, 305, 360, 364
instrument response function
(IRF) 165
integrated intensities 50, 52,
78-79, 113,127,133, 232
integrated PL intensities 88
integration time 167, 169, 183,
216-217,262, 264,270
intensities 53,152-153,167-169,
176-179, 181-186, 210,
217-218, 285-291, 294-300,
304-305,308-312, 316-322,
325-329, 334-335, 338-340
constant 286, 310
decreasing 289, 304, 318,
320-322,328
group-related 312
high 211,287,302, 304, 311,
321,328,338
highest 176,217, 285, 288, 306,
321,329
increasing 304, 310
intermediate 175,311, 319,
328-329
intermittent 161, 330

low 210,213, 287,304, 311,
321-323,331, 335,340
lowest 288,304, 321
maximum 276, 285
on-off 189,331
relative 48, 263,304
respective 186, 309
selected 186, 298
zero 334-335
intensity distribution, clustered
287,294-295
intensity jumps 177,209-210,
285, 287-288, 291, 295, 299,
311, 313,328-330, 334-335
large 209,294, 328, 335
intensity range 183,210,
217-218,298-299, 305,
310-312, 321, 326, 329, 334
total 182, 228,304-305, 329
interfaces 2,7,9-10, 41, 63,132,
145,190, 202, 219, 221-222,
224,336,367
intermediate PL intensities 170,
175, 285, 339
intermittency 171, 198-199, 292,
340
interrelation 289, 291, 299, 311,
338,366-367
interruptions 151-152
intersection 289, 296-297,
299-300, 320, 328
IRF see instrument response
function

jump probabilities 210, 288-289,
297,299, 312
jumps 46,61, 68,71,110, 285,
288, 291, 294, 297, 308,
311-314,322,325-329, 335
large 294,311,329

kink 48,51, 76,78,196

laser power, increasing 341, 344



lifetime 15, 19-20, 147, 165,
183-184, 206, 233, 236-237,
265, 287,306, 335-336, 338,
340

ligands 10-12, 21-23, 63-64,
66,82,113-114, 131,133,
135-137,187-188, 336-337,
340-341, 344, 354-355,
357-367

amine 357-358

control 22

shell 92,214-215,219, 226,
336,361

lowest absorption band 46,
60-61,67,71,84,110, 130,
307,332, 349-350

low temperatures 45, 54,57, 67,
69,124,129, 146, 148, 151,
215, 220, 231, 270-271

luminescence intermittency 15,
17,151,162, 166, 180, 189,
203-204, 208, 231, 240, 283

macrotime 161, 165, 209

macrotimescale 161, 180, 211

magnitude 32,111,117,137, 169,
172,174,193, 231, 233, 321,
323,328-329, 334, 341

matrices 83,104, 170, 229, 344,
358-359, 362-364, 366

matrix 2-3,7,105,111, 188,
222,226-229,293,298-299,
301, 336, 348, 353, 359-361,
363-364

metal clusters 28-30

noble 259-261

metal nanoclusters 29

metal nanoparticles 24-27, 29, 31

metals 25-26, 29, 32,197

methylcyclohexane 45,47,51,
54-55,76,83,107-109,
111-114,118-119, 123,127,
130,133

Index

methylcyclohexane/toluene 45,
47,51,55-57,76,78,115
microscope, wide-field 158-159,

349
microscopy
optical 145, 148,156
wide-field 158, 341
microtime 161, 165,209
microtime histogram 164
microtimescale 161, 180-181,
310
model 62,64-66,117,189,
192-194, 199-203, 205-208,
212-213,283,330-331, 333,
337,340, 352-353, 360-362
particle-in-a-box 32, 220-221
physical 209
random-walk 192,199, 201,
206-207
self-trapping 198, 362-363,
365
molecules 16,114, 143, 145,
147-148, 150, 153,167, 169,
188-189, 191, 194-195, 197,
202,205
monoexponential 189, 290, 294,
296-297,317,320-321, 336,
356
monoexponential contribution
355,357

nanoclusters 262, 265-266,
277-278

nanoparticles 1,24, 26-27,
31-32, 265,273,314

nanosecond range 270, 285,
287-288

nanostructures 2,166,189, 191,
202,222-224

NBE, see near-band-edge

NBE states 69, 71-73,76,78-79,
85, 89,92

near-band-edge (NBE) 66, 69,71,
74,83,85,91-92,129, 221
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Index

noise 203, 208, 285, 288, 304,
326,328

nonradiative rates 205, 290,
304-305, 338

0D, see optical density

Onsager model 360, 365

optical density (OD) 44, 46, 59,
74,83,88,90-91,107-108,
110,113

optical properties 1,17, 21,
25-26,42-44,47,77,92,
135-136, 144, 166, 170,
221-222,230, 261

optical spectroscopy 146, 215,
259-260, 262, 264, 266, 268,
270,272,274,276,278

optical transitions 13,17-19, 150,
159, 230, 269

organic molecules, functional 42

oscillator strengths 63-64, 66, 68,
71,74,77

particles 3,18-19, 24, 26-27,
29,193, 240, 264-265, 267,
272-275

phase transition 44,48, 52-53,
68, 74,76-78, 80, 82,92,
105-107,110-113, 115,117,
131-133,136

temperature 80, 92, 108,
110-111,113-114, 117,
119-121, 123,125,131,
133-134, 136

phonon energies 104,117, 119,
124,126-127,129

phonons 67,73,75,92,103-104,
106-107,123-124, 126,
128-130, 137, 146, 230

optical 66,104, 135-136

photoactivation 261-262, 265,
274,277

photoluminescence 7,9, 42-43,
155

photoluminescence intermittency
4,14,16,23,171-173,
227-229
photon antibunching 151-153,
269
photon bunching 148, 150-152,
154
photons 15,127, 145, 150-151,
153,159, 169, 234
emitted 150-151, 165
physical mechanisms 43,153
physical parameters 32,165
PL band measurements 119
PL bands 50, 53-54, 56-59, 61,
67-73,79, 85,87-89, 104,
111-113, 115,124,130, 132,
323-324
PL decay 53-56, 61-62,78-81,
182, 185,209-211, 285-286,
290-292,299-308, 313-314,
320, 330, 336, 338-339, 367
intensity-dependent 303, 305
components 79, 83,308, 321,
325
time 22,54,61,152,181-182,
210, 287-289, 294, 299, 318
traces 53,55
PL emission 45,59, 61, 63, 67, 69,
72,76,84-85,87,89-92, 104,
106,129,135
energies 22,215
PL excitation 59,350
band 58,84
data 113-114
PL intensities 58,126, 166-167,
176-178,181-182, 184-185,
209-211,215-219, 235-236,
285, 289-291, 302-306,
308-311,316-319, 329-330
absolute 186,298-299, 324
clustered 176, 183, 285, 331
constant 236
decreased 236
decreasing 181, 217,304, 338



determined 57
dominant 310
fluctuating 308
gray 175
high 305, 331, 337
highest 329, 338
increasing 319
integrated 57,110, 215, 217
low 58,201,288, 291, 294, 299,
304, 323,337
maximal 89
maximum 305
nonblinking 303
normalized 115, 298, 320
normalized clustered 300
relative 185
respective 218,288
selected 288
temperature-dependent
integrated 135
time-dependent 212
well-defined 290,303,334
PL lifetimes 66, 160, 165, 183,
213,230, 233, 235-237, 306
PL spectra 24,50, 58, 60,92,
110-111, 160, 216, 224-225,
232,328
polarity, solvent 79, 302-303,
310,333
polarons 196-197, 208, 214, 333
polymers 2,105,157, 165, 188,
191, 196-197, 201, 209,
214-215, 222,261,272, 338,
367
population 15, 69,150-152,
352-353
power dependence 341-342, 344,
346-347, 353
power law, truncated 287,
293-295, 299, 364
power-law behavior 156,
172-173,179-180, 189, 192,
208,212,224, 293,297, 301,
366

Index

power-law distribution 193,
195-196, 199, 353

power-law exponent 172,174,
178,180, 188, 191, 201, 207,
226-228, 239, 344, 360,
364-365

power-law intermittency 168,
198, 205-208

power-law statistics 199-201

power-law-type presentation
178-179

power spectral density (PSD)
202-204

probes, fluorescent 260

PSD, see power spectral density

QDs, see quantum dots
charged 17,21, 201, 233, 235,

305

QD states 60, 76, 85, 174

QD surface 10, 22,41, 83,202,
206, 231, 240, 336, 354, 356,
361-362

quantum confinement 2-5,7,
9-11, 24,32, 43, 65,103, 116,
130, 220, 226, 260

quantum dot nanoprobes
220-221, 223,225, 227

quantum dots, single
semiconductor 175-176, 225

quantum dots (QDs) 2-3,5-7,
20-22,41-44, 63-67, 82-84,
103-108,110-117, 143-146,
152-157,204-207, 219-225,
231-233,296-299, 325-328

quantum jumps 151-152

quantum objects 2, 24, 145,
151-152, 154, 156

quantum size effects 4-6

quantum systems 137,146-147,
152,166-167,182,190-191,
202-203, 220, 229
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Index

quantum yield (QY) 7,11, 21-22,
45,57, 60, 69, 144, 222, 224,
284,291, 305-306, 349, 354

quenched state 313, 334-335

QY, see quantum yield

radiative decay rate 236, 305-306

radiative rates 15,187, 211,
213,224,226, 290, 305, 308,
338-339

radius 6,9, 24, 26-27, 65

RCs, see recombination centers

recombination 193,195, 198, 212

recombination centers (RCs)
202-204, 208, 212, 330,
333-334, 336,352-353

recovery 193,195,274, 276,349

redistribution 236

reduction 7,69, 149, 155, 233,
277,331,357

reexcitation 174,179

region 86,91, 267-268, 346

sample 78,107-108,110, 135,
147-148,158-160, 264, 270,
301, 303, 347

self-trapping 196-197, 207, 336

semiconductor nanocrystals 116,
158,160, 162,307

semiconductor quantum dots 4,
14,16, 23,41, 103,171, 283

semiconductors 3-4, 24, 65,171,
197, 340

shells 2,13,30,135,137,188,
193,195, 197, 340, 360, 367

semiconducting 220-222

SIFs, see silver island films

silanol 294,301, 303, 310, 322,
350, 355-356

silver ions 263-264

silver island films (SIFs) 222-224

simulations 117,119

single Ag nanoclusters 259-262,
264,266, 268,270,272,
274-276,278

single CdSe/ZnS quantum dots
178,293,298

single molecules 148, 152-153,
174, 198, 205, 208, 215, 340

single-QD experiments 60,155

single QD images 223

single QDs 80-81, 83-84, 131,
145-147,153-156, 166, 170,
173,222-223,227,231-232,
284-285, 303,313,323

single quantum dots 143-144,
146, 148,150, 152, 154, 156,
158,160, 162, 164, 166-220,
222-224,226,234

single quantum object detection
44,144-145, 147-151,
153-154

single quantum objects 145, 148,
150-152, 154, 195, 208, 273

single silicon nanocrystals 170,
216-217,221, 225-226, 230

size distribution 50, 56, 63,
72-73,82-84,104, 111,113,
146,273,307

size selection 30, 50, 58, 61,
84-85,87,89,111, 114

solvent mixture 58,108-109,
111-114,117-119, 123,127,
130

solvents 10, 21, 54-55, 83, 105,
156-157, 222

spectator state 150-151

spectral components 78

deconvolution 45-47,59, 62,
67,71,78,82,84,87,92,107,
110,132

diffusion 11, 81, 83, 185, 188,
200, 215, 218-220, 231, 266,
321-322,324-325, 329, 336,
338



fluctuations 209, 216, 219, 277,
318-320, 325-326,
328-329,339

jumps 191, 218-219, 313,
327-330

large 328-330

spectral resolution 132,146-147,
156, 158-159, 162, 209, 214
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