
Contents 

List of Contrihlltors xiii
 

Prejc/u' xl'i;
 

S nthesis of Siloles (and Germoles) that Exhibit the AlE Efl'ect	 1
 
Joyce Y. orey 
1.1	 Introduction 
1.2 ackgrounu	 2
 
1.3	 Synthesis of Siloles 4
 

1.3.1	 Reductive dimerization of tolan 4
 
1.3.2	 Intramolecular cydization of dialkynylsilanes 7
 

1.3.3	 Intramolecular cydization of dialkynylsilanes utilizing
 
bOrLIne reagents 10
 

1.3.4 Synthesis of siloles using transition metal reagent 12
 

IA Modification of Preformed Siloles 14
 

IA.I Reactions at silicon centers 14
 

IA.2 Reactions of a ring carbon center 15
 
1.5	 Related erInole Methodology 15
 

1.5.1 ermoles produced by metathesis and exchange reactions	 15
 
1.5.2	 Germoles from other methods 16
 

1.5.3	 Photoluminescence and AlE of germoles 18
 
1.6 etallaindenes and Metallalluorenes of Si and Ge	 19
 

J .6.1	 Methods for the formation of silaindenes and germainuenes 19
 

1.6.2	 Methods for the formation of metallafluorenes 21
 
1.7	 ligomers and Polymers of Metalloles and Benzenc-Annulated
 

Metallole'
 
1.7.1	 Oligomers that contain silole units connected at the I, l 

and 2,5-p )sitions 25
 
1.7.2	 Polysiloles and silole polymers connected through 2,S-positions 26
 
1.7.3	 Polymers with silole pendants and hyperbranehed polymers 27
 
1.7 A	 Polybenzosiloles and ladder polymers 28
 
1. 7.5	 Polymers that contain silafluorenes 29
 
1. 7.6	 Germoles in oligomers and polymers 30
 

1.8	 Summary and Future Directions 31
 
References :n
 

bsti
Typewritten Text
620.1 AGG V.1

si5-20
Stamp



VI	 Contents 

2 Aggr ation-Induced Emission in roup 14 Metalloles (Siloles, Germole. , and Stannoles):
 
p ctro opi Considerations, ubstituent Effects, and Applications 39
 

.!(!/"(iI//1? L. Mulli/l a/ld H(!I7!)' 1. Tracy
 

2.1	 Introduction 39 
2.1.1	 The group 14 mctalloles 41 

2.2	 Characteristics of AI ~ in the Group 14 Metalloles 44 
2.2.1	 Aryl-substituted silolcs 44 
2.2.2	 Aryl-substilUted gennoles and stannoles 47 

2.3	 Origins of AlE in Group 14 etalloles: Restricted Intramolecular Rotation 48 
2.3.1	 Effect of solvcnt viscosity 48 
2.3.2	 Effect of tcmperature 48 
2.3.3	 Room-tcmperature glasses 49 
2.3.4	 Efrecl of pressure 49 
2.3.5 'xcite -. tate lifetimes	 49 
2.3.6	 Molecular geometry SO 
2.3.7 Aggregate nJnopanicle morphology SO
 
2.3.~ Internal structural control of intramolecular rotations 50
 

2.4	 Polymer Films Jnd Polymerized Siloles 51 
2.5	 Applications of AlE-Active Metallolcs 53 

2.5.1	 Electrooptical devices 53 
2.5.2 Chemical nsors 53
 
R ferenccs 54
 

3	 Aggregation-Induced Emi ion of 9,lO-Distyrylanthracene Derivatives and
 
Their Applications
 
Bill Xu,	 Jihu Zhulli5 alld W(!/ljiJ1p, Tiall 
3.1	 Intro<.luction 61 6 
3.2 IE Molecules Based on 9.1 O-Distyrylanthracene	 63 

3.2.1 mall molecules	 63 
3.2.2 acromolecules	 64 

3.3	 AlE Mechanism of 9.1 O-Distyrylanthracene Molecule Sy. tems 65 
3.4 pplicaxion of AlE Luminogens Based on 9,IO-Distyrylanthracene	 67 

3.4. I	 Solid-state emitters 67 
3.4.2 Piezochromism 72
 
3.4.. FJ Llorescent sensors and probes 74
 
3.4.4	 Bioimaging 75 

3.5	 onclusion flO 
Acknowledgments 80 

efercnce. 80 
7 

..	 Diaminobenzen -Cored Fluorophores Exhibiting Highly Efficient Solid-State
 
Luminescence 83
 
Masl/ki Shil1li:u 
4.1	 Introduction 3 
4.2	 IA-Bis(alkenyl)-2.5-dipiperidinobel1zenes 86 
4.3	 I A-Diarnino-2,5-bis(arylethenyl)benzenes 89 
4.4	 2,5-Diaminotcrcphthalates 93 



Contents vii 

4.5	 2,5-Bis(diarylaminol-l,4-diaroylbenzenes 95 
4.6	 Applications 99 
4.7 Conclusion 102 

Acknowkdgmcnts 102 
eferences 103 

5 Aggregal.ion-Indnced Emission in Organic Ion Pairs	 105 
SII:anllf! FI!ry-Forgul!,\' 
5.1	 Introduction 105 
5.2	 Historical Background 106 
5.3	 Preparation and Control of the Fluorophore Arrangement 107 

5.3.1 Type of interactions 107 
5.:1.2 Preparation 107 
5.3.3 Influence of the nature of the counterion on the fiuorophore arrangement 108 
5.3A InHucnce of stoichiometry on the AlE effect III 

SA AlE-Active Organic Ion Pairs in Nano- and Microparticles 111 
5.4.1	 Controllcd preparation of nanoparticles 112 
5.4.2 anoparticles for biomedical imaging	 114 
5.4.3	 Preparation of nanocrystals. nanofibers, and reticulated materials 114 

5.5	 Applications as Fluorescent PI'( es and Sensors for Analytical Purposes 115 
5.5.1	 Detection of small electrolytes II S 
5.5.2 Detection of polyelectrolytes J 16 

S.C> Perspectives 122 
Acknow ledgments 122 
References 123 

6 Aggregation-Induced Emission Materials: the Art of Conjugation and Rotation 127 
ling Huang. Qianijian Li and Z//el/ Li 
6.1	 Introduction 127 
6.2	 Rotation and Conjugation in AlE tolecules 128 
6.3	 esign of unctional Materials by Tuning the onjugation Effect and 

Restricting Rotations 134 
6.3.1	 Some AlE molecules with blue emission through modifTcation of the 

conjugation between the construction blocks 135 
6.3.2	 Some sensing systems by selectively ontrolling rotatjon 142 
6.3.3	 Some other syst ms utilizing the AlE concept 145 

6.4	 uLlook 151 
References 152 

7 Red-Emitting ArE 1alerials	 155 
Xio() Yuan Sln'n, AII;u!1 Qin and .ling Ziti Sun 
7.1	 Introduction 155 
7.2	 Basic Principles of Molecular Design for Red-Emitting Material' 156 
7.3	 Acquirement of Red-Emitting AlE Materials by Reconstruction of Traditional 

Red-Emitting Molecules ISS 
7.4	 Preparation of Red-Emitting l'vlatcrials by lntroduction 0 Electron Donors/Accept rs 

into AlE-Active Molecules 162 



\/f/I Contents 

7.5	 Outlook 164 
Acknowledgment. 1 

Referen es 165 

with ATE and ar e Two-Photon 
169 

8 

S.l	 Introduction 169 
8.1	 De:ign and Synthesis of Trial'. lamin Derivatives with Al and 2P 170 
8.3	 ArE roperties ofTriarylaminc Derivatives 170 

8.3.1	 A properties of JiketopyrwlopylTole (DPP)-based triarylamine derivatives 170 
~L3.2	 AlE properties of starburSI triarylamine derivatives based on
 

cyano-substitu ted diphenylaminestyrylbenzene 173
 
8.3.3	 AI propertics of I ultibrancheJ lriarylamine end-capped trialines 174 

8.4	 One-Photon and Two-Photon A sorption Properties of TriaryIam.ine 
o rivatives with rE	 J7 ) 

8.5 ppl ication of Triarylaminc Materials with AlE and 2PA	 ISO 
8.S.1 luorescence switching	 180 
8.5.2 rganic light-emitting diodes	 ISO 
8.5.3 Il~)recel~ce probe. for Hgh	 180 

8.6	 Conclusion 181
 
References 182
 

9	 Photoi omerization and ight-Driven luorcsc nee Enhuncem nt
 
of b nzene D ri atives 1 5
 
lviiI/a Hall and Ya.l'1Io orikw{('	 II 
9.1	 Introduction I 5 
9.2	 Phot i om rtlUtion and luoresce.nce of Azobenzene erivatives 186 

9.2.1 round-stat struct ure of azobcnzene	 186 
9.2.2	 Rever. ible i omerization of azobenzene 187
 

._.3 t rically hindered azobt;;l17.ene derivatives 188
 
9.2.4	 Fluorescence from Cl7.obenzene derivatives 190 

9.3	 Aggregation-Induced Emission (f IE) 191
 
.4 Fluorescence from Azoben.zcne-Bascd Aggregates 193
 

9.4.1	 Light-driven self-as. mbly and fluorescence enhancement 194 
9.4.2	 -actors affecting fluoresccnce enhancement of azobenzene~ 195 
9.4.3	 Modulation of tluorescence color 196 
9.4.4	 Flu I' sc nl organic films 198 

9.5	 Conclusion 199
 
Ref>renccs 199
 

JO Supramolecular tructure and ggre. ation-lndueed Emission	 205 12 
Hungyu Zhallg and Ylle Want; 
10.1	 Introduction 205 
10.2	 Hydrogen onding-B 'ed M lecular DimeI' and AlE 206 

10.2.1	 The 1'01 rhydrogen bond. in AlE 206 
10.2.2	 AlE and single crystal slTuclures 208 



Contents ix 

10.2.3	 Relationship bet\,ve n supramolecualr structures and AlE 209 
10.2.4	 Amplified spontaneous emission (ASE) propert 210 

10.3	 Quinacridine Derivatives with ID ggregation-Induced Red Emission 210 
10.3. I	 Contradiction hetween I D self-assembl ~lnd ArE 210 
10.3.2	 De ign of novel QA with AlE and I D self-assembly 21 I 
10.3.3	 AlE behavior 2J2 
10.3.4	 Morphology transition from OD nanostructures to ID microwires 214 
10.3.5	 I self-assembly 214 
10.3.6 Crystal Slructure 215 

lOA Multi-Stimuli-Responsive Fluorescence Switching of J~/Al E Luminogens 217 
1004. I l"lechanism of stimuli-responsive fluorescence switching 217 
1004.2 Design strategy towards stimuli-responsive AlE/AlEE molecules 218 
1004.3 ALE phenomenon in neutral and acid state,s 218 
I 0.404 Molecular and supramolecular structures in crystal 220 
10,4.5 Multi-stimuli-responsive AlE switching 220 
10.4,6 Multi-stimuli-responsive fluorescence of other ALE/ALEE molecules 221 

10.5	 t,· ·Pt Interaction-Induced Emissive and Conductive ID rystals 222 
10,5. I AlE of organometallic complexes 222 
10,5.2 Pt·· ,Pt interaction-induced luminescent crystals 223 
10.5.3	 I D nano-/micro aggregation and photophysical properties 223 
10.5.4	 Vapor-responsive emission behavior of nanowires 225 
10.5.5	 Pt" ,Pt interaction-induced I D semiconductor 225 

10.6	 Conclusion 226 
References 227 

11	 Aggregation-Induced Emission in Sllpramolecular ][-Organogels 233 
Pengchong XUi:' und Run Lu 
11, I	 Introduction 233 
11.2	 Organogels Based on Discotic MOlecules with AlE 234 

11,2.1 Triphenylhenzene-cored discotic molecules 234 
11,2.2 Other discotic gelators 237 

11.3	 Organogels Based on Rod-Like Molecules with ArE 238 
11.3, I Styrene derivativcs 238 
11.3.2 Other linear molecult: .. 241 

[ 104 Organogels Bas d on Banana-Shaped Molecules with ArE 242 
11.4, I Salicylidencaniline derivatives 242 
11.4.2 Other banana-shaped gelators 245 

I 1.5 Organogels Based on Dendritic Molecules with AlE 246 
I 1.6 Conclusion 249 

References 250 

12	 AlE-Active Polymers 2 3 
Rongrollg HlI, Jack.\' W. Y. Lam and Ben Zhong Tung 
12, I Introduction 253 
12.2	 Polyoletlns 254 
12.3 Polyacetylenes 258 
L2A Polydiyne· 259 



x Contents 

12.5 
12.6 
12.7 
12.8 
12.9 
12.10 

Polyarylenes 
Polytriazoles 
P01 ysi Iylenevinylenes 
Poly(Vinylene Sui fideL 

ther Systems 
Conclusion 
Rderences 

13	 Enhanced mis ion b e triction of Molecular Rotation 
Jill-Lollg HOI1R 
13.1	 Background 
13.2	 Strategy to Restrict Molccular Rotation 

13.2. I	 Introduction of bulky substituents hy cnemical links 
13.2.2	 Introduction of bulky groups by complexation 
13.2.3	 Hindcred molecular rotation by hydrogen bonding 
13.2.4	 Hindered molecular rotation by metal or metal ion chelation 

13.3	 Characteri.wtions of Hindered Molecular Rotations 
13.3.1	 Solution fluorescence spectroscopy 
13.3.2	 I H M spectroscopy 

13.4	 Conclusion
 
References
 

14	 Restrict d Intramolecular Rotations: a Mechanism for Aggregation-Induced 
Emissi 0 

.fUI1lI"U hl'l1 ul1d Bell Zhong Tung 
14.1	 Introduction: 2,3,4,5-Tetraphenylsilolc, the Prototype Molecule
 

of Aggregation-Induced Emission (AI )
 
14.2 rysta! tructures of 2,3,4.5-Tetraphenylsiloles 

14.2.1	 Twisted arrangements of phenyl groups on the silole core 
14.2.2	 Enlarged distance het ween silole cores: far beyond IT-J[ interactions 

14.3	 Restricted Intramolecular Rotation (RIR) • 
J4.3.1 Thickening-enhanced emission of silo Ie solutions (viscochrol11ism) 
14.3.2	 Piezochromisl11 
14.3.3	 Cool ing-enhancect emission (thennochromisl11) 
14.3.4	 On-ofr fluorescence switching of silole thin films: activation 

or rotations in solvent vapors (vapochromism) 
14 ..1.5 Fluorescence decay dynamics 
14.3.6	 Highly emissive silolc solutions: restriction of rotation by internal 

strucluraltllning 
14.4	 onclusion
 

Ack.nowledgments
 
R rerenccs
 

15	 Crystallization-Induced Emi n Enhancement 
YeJIIgcjiallg Dong 
15.1	 Introduction 
15.2	 Traditional Luminogens 

263
 
269
 
271
 
272
 
277
 
280
 
2HO 

16
 
285
 

285
 
286
 
287
 
290
 
292
 
296
 
297
 
297
 
298
 
302
 
303
 

307
 

307
 
310
 
310
 
311 17
 
312
 
313
 
313
 
314
 

316
 
317
 

318
 
320
 
320
 
320
 

323
 

323
 
324
 



Contents xi 

15.3	 Crystallization-Induced Emission Enhancement (ClEE) 324 

15.3.1 rEE luminogens	 325 

15.3.2	 Potential applications 330 
15.4	 Conclusion 333 

References 334 

16	 Time-Resolved Spectroscopic Study of the Aggregation-Induced Emission 
M hanism 337 
Bing-rung Gao, Hai-YII Wang. Qi-dai Chen lind Hong-bu Sun 
16.1 Introduction 337 

J6.2 Time-Resolved Spectroscopy 338 
16.2.1	 Femtosecond time-resolved fluores~ence system 338 
16.2.2	 Femtosecond transient absorption system 339 
16.2.3	 Time-correlated single-photon counting (TCSPC) system 341 

16.3	 ArE oleculcs Without Electron Donor-Acceptor Units 341 

16.3.1	 Time-resolved Auorescence study of HPS 341 

16.3.2	 Time-resolved fluorescence study of NDPDSB 342 

16.3.3	 Transient absorption study of DPDSS 343 

16.4	 AJE olecules with Electron Donor-Acceptor Units 344 

16.4.1	 Steady-state properties of C DPASDB 344 
16.4.2	 Time-resolved tluorescence study of NDPASDB 346 

16.4.3	 Tran. ient absorption. tudy of CJ DP SO 351 

16.4.4	 Discussion 353 

16.5	 Conclusion 353 
Acknowledgments 354 

References 354 

17 Theoretical Understanding of AlE Phenomena Through Compotational 
hemistry 3 7 

Qian Peng, Ying!i Nill, Qllnyan Wu. Xing Gao und Zhigang Sltuai 
/7.1 Introduction 357 
17.2	 Fundamental Photophysics Relating to AI Phenomena 358 

/7.2.1 Absorption and emission 358 
17.2.2	 Luminescence quantum efficiency 359 

17.3	 omputational Approaches to Investigate AlE Molecules 360 
/7.3.1 Molecular optical spectra formalisms 360 
17.3.2	 Molecular r, diative and nonradiative rate formalisms :. 15 
17.3.3	 Computational details 367 

17.4	 Computational Results 370 
/7.4.1 Optical spectra 370 
17.4.2	 Excited-state decay processes 376 
17.4.3	 A nonadiabatic dymunic simulation 385 

17.5	 Summary and Outlook 389 
References 390 



X/I Contents 

Recent Theoretical dvances in Understandin J the Mechanism of Ag regation-Induced
 
Emission for mall Organic I lecul 3 9
 
Jun-Lin u Jin. Yun ;('ng {/nd Zhong-Min SII 
18.1	 Introduction 399 
18.2	 Theoretical Methods 400 

18.2.1	 Main photoph sical proces . of organic molecules 400 
18.2.2	 Theoretical e, timation of photoph sicaI parameters 402 

18.3	 Recent heoretical Advances in Understanding th Mechanism of
 
Aggregation-lndun:d Emission 406
 
18.3.1	 Restriction of intramolecular rotation (RIR) 406 
18.3.2	 lnlluence of Illolecul<.lr packing and intermolecular interactions on the
 

photophysical properties and fluorescence efticiencies in the solid phase 41 I
 
18.4	 Prospects 413 UIlI 

1SA.I Other AlE mechanisms except for the conventional RIR mechanism 413 Lnm 
18.4.2	 Design of Illultifunctional materials with AlE 413 

Qi-~Acknowledgments 414 
EngiReferences	 414 
JOy(J 

Index	 419 
Yon 

uz. 

() 

Jian 
sity 

Jing
 

Jun·
 
Chin 

Jacl 
Chi~ 

Qi 



Contents 

List ()l ContribWors xi
 
Preface xiii
 

AlE or AlEE Materials for Electroluminescence Applications	 1
 
Chiu()- Wen Lin and Chin- Ti Chen 
1.1	 Introduction I
 
1.2	 EL Background, EL Efficiency, Color Chromaticity, and Fabrication Is. ues of Ds 2
 
1.3	 AIE or AlEE Silole Derivatives for OLEOs 7
 
1.4	 AlE or AI E Muleimide aod Pyrrole Derivatives for 0 10
 
1.5	 ALE or AlE J Cyano-Substituted Slilbenoid and Distyrylbenzenc Derivatives for 0 D, 14
 
1.6	 ATE or AlEE Triarylamine Derivatives for OLEOs 17
 
1.7	 AIE or AI Triphenylethene and Tctraphenylethene Derivatives for OLEDs 17
 
1.8	 White 0 ED. Containing AlE or AlE Materials 31
 
t.9	 Perspectives 36
 

References 37
 

2	 Crystallization-Induced Phosphorescence for Purely Organic Phosphors at Room
 
Temperature and Liquid Crystals with Aggregation-Induced Emission Characteristic 43
 
Wang Zhang Yuan, Yongming Zhang und Ben Z//(JIlg Tung 4
 

2.1	 Crystallization-Induced Phosphorescence for Purely Organic Phosphors at Room
 
Temperature 43
 
2.1.1	 Introduction 43
 
2.1.2	 Molecular luminogens with crystallization-induced phosphorescence at room
 

temperature 44
 
2.2	 Liquid Crystals with Aggregation-Induced Emission Characteristics 52
 

2.2.1	 Luminescent liquid crystals 52
 
2.2.2	 Aggregation-induced emis 'ion strategy towards high-efficiency luminesc nt
 

liquid crystals 53
 
2.3	 Conclusions and Perspectives 57
 

References 58
 

3	 Mechanochromic Aggregation-Induced Emission Materi Is 61
 
Zhenguo Chi and .Iiarui Xu 
3.1	 Introduction 6 J 

3.2	 Mechanochromic Non-AlE Compounds 62
 
3.3	 Mechanochromic AI _ Cc mpouncls 64
 

bsti
Typewritten Text
620.1 AGG V.2

si5-20
Stamp



.

\II Contents 

3.4	 Cnnclusi( n 82 7 B 
R ferences l)3 TI 

7. 
4 hiral Recognition and Enantiomeric 'xce. Determination Based on 

Aggregati n-Indue d •mi 'sion 87 
YUll-SOllg Zhen,r; 7. 
4, I Introductiun to Chiral Recognition 'K7 
4,2 Chiral Recognition and Enantiomeric 'cess Detell11ination of hiral Amines 'K8 
4,3 Chiral cognition and Enanliom ric Excess Determination of hiral Acids 91 

4.3. I :nantiomeric excess determination of chiral acids using chiral ATE amine.s 91 
4.3.2	 Enantiumeric excess d termination of chiral acids using a chiral 7, 

receptor in the presence of an IE COl11p und 98 
4.4	 Ml:'chani, m oCChiral e 'ognition Based on AlE· 101 

4.4.1	 Mchani. mol' chiral recognition hy a chiral ATE monoamine 102 !l N 
4.4.2	 Mechanism of chiral r cognition hy a ehiral ATE diamine 102 01 

4.5	 PI' spects for Chirul Recognition Based on AlE 104 1\1 
References 105 'K 

8.
 
5 AlE ~Lalerials Towardo; Efficienl Circularly Polarized Luminescence, 8,
 

rgame Lasing, and Superamplified Detection of Explosives 107 R,
 
./iun:/wo ill, jocky W. }', L(flll und Bell Zhong ong R
 
.'1, I 'nlroduction 107 8.
 
5.2	 Al . Vlaterials with Efficient Circularly Polarized Luminescence and 8, 

Large Dis 'ymmclry Factor 107 
5.2.1	 Aggregation-induced circular dichroism 108 
5.2.2 ArE. Ouoreseence decay dynamics and theorctical un(h-, tanding 110 9 t 
5,1.3 Aggregation-induced circularly polarized luminescence 1J3 B 
5.2.4 Supramokcular assembly and structural modeling 115 Q 

.'1.3 AIE [alerials for Organic Lasing 118 9 
5.3.1	 Fabrication of nano-structures 118 9 
5.3.2 Lasing p rrormanees 119
 

5,4 AlE Materials for Superamplified Detection or Explosives 121
 
5.4.1	 H perbranched polymer-based sensor 122 

5.4.2 1e, I mous material-based sensor 127 9 
5,5 Conclusion 127 9 

R terences 128 9 
9 

6 ggrcg lion-Induced Emission and pplications f Aryl-Substituted Pyrrole 
Derhativ 131 
Bill 7iJllg {{/'ld l'1IJ1ing Dong 

6.1	 Introduction 131 10 i\ 
6.2 Lumin sc nce Properties of Triphenylpyrrol Derivatives in the Aggregated Stale 132 ./, 
6.., Applicati ns !36 I 
6.4 Aggr'galiun-Indueec! "mission of Pentaphenylpyrrole 147 I 
6..'1 IEE MeChanism of Pentaphenylpyrrole ISO 
fl.6 Conclusion 152 

Ref renees 152 



Contents vii 

7	 Biogenic Amine Sensing with Aogreg. lion-Induced E ission- tive Tetraphenylethenes 157 
Takwwhu 'allii ond Ma.wl!o TiIIliIku 

7.1	 Introduction J57 
7.1.1 iogenic amines	 157 
7.1.2	 .'ensing methods for biogenic amines 157 

7.2	 Fluorimetric Sensing of Biogenic Amines wilh AI ~-Active TPE. 158 
7.2.1	 Design for lIuorim tric sensing of biogenic amines J58 
7.2.2	 Sensing sludies and statistical analysis J58 
7.2.1	 Determination of histamine concentration [62 
7.2.4	 Fluorimetric scnsing of melamine with IE-active TPEs 163 

7..1 Summary and OUllook 163 
Refercnces 1M 

8 ew Chern -lBiosensors with ,'Hole and Tetrapbenylethene lolecules Based 
on the Aggregation and DeaggregatioD Mechanism 165 
Mill/,' Wang. Guonxin Zhong alld Deqing Zhong 
H.I	 Introduction 165 
H.2	 Cation and Anion Sensors 166 
8.3	 FluorimeLric Biosensors for Biomaeromolecules 169 
8.4	 FluorimeLric Assays for EnLymes 173 
8.5	 Fluorimetric eteclion or Physiologica[ly Important Small Mokcules 180 
8.6 iscellaneous S nsors	 183 
8.7	 Conclusion and Outlook 185 

References 185 

9	 Carboh dnltc-Functionalized AI -Active Mol cules as Luminescent Probes for 
Bio ensing 189 
Qi Chell and Boo-Hollg HOIl 

9.1	 Introduction 189 
9.2	 Carbohydrate-Bearing I -Active Molecules 1cO 

9.2. [	 Carbohydrate-bearing si[oles 101 
9.2.2	 Carbohydrate-bearing phospho Ie oxides 192 
9.2.3	 Carbohydrate-bearing tctraphenyleLhenes 193 

9.3	 Luminescent Probes Cor Lectins 195 
9.4	 Luminescent robes f)r EnL.ymes 199 
9.5	 Luminesc nt Probes for Viruses and Toxin~ 2m 
9.6	 Conclusion 205 

Acknowledgments 205 
References 205 

10	 ggr gation-Induced Emission Dyes for III Vivo Functional Bioimaging 209 
lun Qion. Don Wallg and Sailing He 
10.1	 Introduction 209 
10.2	 AlE Dyes for Macro In Vivo Functional Bioimaging 210 

10._.1 r . dye-encapsulated phospholipid-P G nanomicelles 210 
10.2.2 IE dye-encapsulated nanomicelles Cor SL mapping of mice	 210 
10.2.3 IE dye-encapsulated nanomicelles for tumor targeling of mice	 216 



VIII	 ontents 

10.2.4	 Other types f Al -nanoparticLes for in vivo functional bioimaging 221
 
10.3	 Multiphoton- induced Fluore, cence from AlE Dyes and AppLications in
 

In Vivo Functional Microscopic Imaging 223
 
10.3.1	 Two- and three-photon-induced fluorescence of ATE dyes 223
 
10.3.2	 AlE dye-encapsulated nanomicelles for two-photon blood ves el imaging
 

of live mice 227
 
10.3.3	 ALE dye-encapsulated nanomicelles for two-photon brain imaging Index
 

of live mice 230
 
J0.4 Summary and Perspectives 232
 

Acknowledgments 234
 
References 234
 

11 peeifle Light-Up Biopr bes with Aggr gation-Indu d Emi 'ion Characteri tics
 
I'or Protein ensing 239
 
ling Liung. Haihin Shi. Ben Zhong Tang and Bin Liu 
11.1	 Introduction 239
 
11.2	 In Vitro etection of Integrin cx,(31 sing a TP -Based Probe 240
 

11.2.1 Detection mechanisms 241
 
I J .2.2 Synthesis and characterization of the TPS-2cRGD probe 241
 
J 1.2.3 Detection of integrin in solutions 243
 
11.2.4	 III vitru sensing of integrin in cancer cells 244
 

11.3	 Real-Tim lonitoring of Cell Apoptosis and Drug Screening with a TPE-Based Probe 245
 
11.3.1	 Design principles 245
 
11.3.2 nthesis and chara 'terization of Ac-DEY K-TPE probe	 246
 
11.3.3	 Detection of caspase and kinetic sllJdy of caspase activities in solut-ions 247
 
11.3.4	 Imaging of cell apoptosis and screening of apoptosis-inducing agents 24X 

11.4	 In Vivo Monitoring of Cell Apoptosis and Drug Screening with PE-Based Probe 251i
 

11.4. I	 Working principles 251
 
11.4.2	 Synthesis and characterization of D ~ Y -PyT E probe 252
 
11.4.3	 M nitoring of caspase activities in solutions 253
 
11.4.4	 In vitro and in vivo imaging of cell apoptosis 253
 

11.5	 onclusion 255
 
Acknowledgments 255
 
References 256
 

12 Applications or Agg eoation-Indu 'ed Emission at.erials in Biotechnology	 259
 
Yll/fing Hong, .lucky W. Y. Lalli alld Ben Zhong Tang 

12.1	 Introduction 259
 
12.2	 AlE Materials for Nucleic Acid Studies 260
 

i 2.2.1 Quantitation und gel visualization of A and R A 260
 
12.2.2	 Specific probi g of G-quadruplex DNA formation 262
 

12.3	 AlE Materials for Protein Studies 263
 

12.3.1	 Quantitation and PAGE staining of proteins 263
 

12.3.2	 Fluorescence immunoassay by AlE materials 266
 
12.3.3 Monitoring of the unfolding/refolding process of human serum albumin 266
 
l2.3.4 Monitoring and inhibition of amyloid fibrillation of insulin 267
 



Contents ix
 

12.4	 ArE Materials for Live Cell Imaging 269
 
12.4.1	 AlE hioprohes for long-term cell tracking 269
 
12.4.2	 AlE nanopanicles for cell staining 269
 

12.5	 C nclusion 271
 

References 272
 

Index	 275
 


	Contents v1
	Contentsv2



