IP.")
Springer
Handbook

Nanomaterials inevitably have bright prospects, but even
now they play an important role in many areas of industry.
Some of these new materials are commercially available
and are used in off the shelf products, others are important
model systems for physicochemical and materials science
research. However, research findings and application data
are not compiled in a single work. The Springer Hand-
book of Nanomaterials collects description and data of
materials which have dimensions on the nanoscale. The
description of nanomaterials follows the interplay of struc-
ture, properties, processing and applications mainly in
their solid phase. The chapters were arranged according

to the classical materials-science classifications: carbon
materials, metals, ceramics, composites, and biomaterials.
For each part, materials structures represent different
dimensionality; zero-dimensional clusters, nanoparticles
and quantum dots, one-dimensional nanowires and
nanotubes, and two-dimensional thin films and surfaces.
Combinations cover for instance nanostructured and
hybrid materials.

Almost 100 leading scientists from academia and the
industry were selected to write the 32 chapters and collect
the physical, chemical and mechanical data. The handbook
was written and compiled for professionals and practitioners,
materials scientists, physicists and chemists at universities,
as well as in the fields of industrial research and produc-
tion.

The Handbook is organized in seven parts. Part A: Nano-
Carbons. Part B: NanoMetals. Part C: NanoCeramics.

Part D: NanoComposits. Part E: Nanoporous Materials.
Part F. Organic and Biomaterilas. Part G: Applications
and Impact.

With Forewords by Claes-Gdran Grangvist, Uppsala Uni-
versity, Sweden and Neal F. Lane, Rice University, Texas.

ISBN 978-3-642-20594-1

9 783642 20594’

Y springer.com

"J

Nanomaterials

Key Topics

Graphene, Fullerenes, Nanotubes,
Diamonds, Bionanomaterials
Noble and Common Metals, Alloys,
Magnetic Nanostructures
Piezoelectrics, Graphite Oxide,
Crystals, Glasses, Polymers,
Dispersions

Silicon, Zeolites, Anodic Aluminum
Oxide

Applications in Energy,

Civil Engineering, Nanomedicine,
Nanofiltering

Toxicology, Hazards and Safety.

Features

Covers basic concepts, materials,
properties, and fabrication

Contains over 700 color illustrations
Numerous comprehensive data tables
Features exhaustive references to
approved data

Concise, clear and coherent presenta-
tion

All chapters with summaries
Application-oriented contents



Contents Iy

Foreword by Claes-GOran GranQVIST...........ccueeeiiiieiiiiiiiiieeee e
Foreword By Neal Lane........c..ooeiiiiiiiiiiieee et
List Of ADDIeVIAtIONS. .......ooi i

1 Science and Engineering of Nanomaterials

RODEI VAJTAL ...ttt nre e
1.1 History and Definition of Nanomaterials.............ccccocevvvviiiiciieiiennns
12 Formation of Nanomaterials..........cccocceviiiiiiiiiiin e
1.3 Properties of Nanomaterials..........cccccoceeviieiiecie e
1.4 Typical Applications of Nanomaterials..........c..cccccevieviiecccc e,
11.5 Concluding RemMaArks.........cccoueiiiiiieiiece e
1 1.6  About the Contents of the HandbooK............cccccooveviiiieniiiiiene,
RETEIBNCES. ...ttt ettt reas

Part A NanoCarbons

2 Graphene - Properties and Characterization

Aravind VijayaraghaVan...........cccccccveiieieeieeieeseesee e see e sree e saesnaesnesne e
2.1 Methods Of ProdUCtiON..........oceiiiiiiieciie e
A o (0] 0 1= €TSS
2.3 CharaCteriZatioN........c.ccicveeiiiiie ettt eree s
2.4 APPHICALIONS. ...
2.5  Conclusions and OULIOOK...........ccccovvvieiiieiiciee e,

=T (= = 101

3 Fullerenes and Beyond: Complexity, Morphology,
and Functionality in Closed Carbon Nanostructures

Humberto Terrones........ccoocvvvevevvnenniesieenns J e
3.1  Geometry and Structural Features of Fullerenes..........ccccceevevvennnnne.
3.2  Methods of Synthesis of Fullerenes and Proposed Growth Models....
3.3 Physicochemical Properties of Fullerenes.........cccccocvviviieviiciieecnnen,
3.4  Applications of Fullerenes and Beyond..........c.ccccovviiiivecvvcceccnecnen,
T 0] 0 [od 101 (o]0 LSRR
RETEIEBNCES. ... bt

4 Single-Walled Carbon Nanotubes
Sebastien Nanot, Nicholas A. Thompson, Ji-Hee Kim, Xuan Wang,
William D. Rice, Erik H. Haroz, Yogeeswaran Ganesan, Cary L. Pint,
JUNICRITO KOO ... s
A1 HISTOMY ettt ettt
4.2 Crystallographic and Electronic Structure...........cccoovevveveivecce e,

39
42
50
58
69
74
74

83
85

90
92
99
99



4.3 SYNTNESIS. ..ot s Hi

R O 0] o LI = (] 01T i { =TSSR 115
4.5  Transport ProPertiesS... ... e 123
4.6  Thermal and Mechanical Properties..........cccocvvviiiiieiiisie e 128
4.7  Concluding ReMAIKS.........c.coiiiiiiiii i 135
RETEIENCES. ...t et 135

Multi-Walled Carbon Nanotubes

Akos Kukovecz, Gabor Kozma, Zoltan KONYa............ccoeveuvveveveieeeverssereenns 147
5.1 SYNTNESIS....eie e 148
5.2 Chemistry Of MWCNTS......ccouiiiiieieiieie e 153
S TC T o €0 0 1= o -SSR 157
5.4  Selected APPHCALIONS........ccoiiiiieiieiieiie e 163
RETEIENCES. ...t 169

Modified Carbon Nanotubes
Aaron Morelos-Gomez, Ferdinando Tristan Lopez, Rodolfo Cruz-Silva,

Sofia M. Vega Diaz, MauriCio TEITONES.......ccccocviiueiiieereaiesiiesiesaeseeseesnnesnneenns 189
6.1  Doped Carbon NaNOTtUDES..........ccccviiiiiiiiiii e 191
6.2  Defects in Carbon Nanotubes...........ccccooiiiiiiic e 193
6.3 Nanotube Chemical Functionalization..............ccccccvviiieiie e, 197
6.4  Properties of Modified Carbon Nanotubes.............ccccoeviiiiiiiinnnnn 203
6.5  Characterization of Modified Carbon Nanotubes.............cccocovvvvennnnen. 208
6.6  Applications of Modified Carbon Nanotubes............c.ccoceiivniiniiinnnnnn 215
6.7  Toxicity and Biocompatibility........ccccooviiiiiiiiiiii e, 28
CTR S B O] o [od 11 ] (] S S SR 220
6.9  Outlook and PerSPeClIVES..........ccccveiieeiieesie e 21
RETEIEINCES...... et te e nraeenreas il

Carbon Nanofibers
Yoong A. Kim, Takuya Hayashi, Morinobu Endo, Mildred 5. Dresselhaus.... 233
7.1  Similarity and Difference Between Carbon Fibers

and Carbon Nanofibers........c.cciiii 234
7.2 Growth and Structural Modifications of Carbon Nanofibers.............. 238
7.3 Applications of Carbon Nanofibers..........ccccoveviiiiieninie e 251
T4 CONCIUSIONS.......ooiiiieeiie e ettt e e nre e nns 257
RETEIEINCES.......eiiee et ae e s nraeenreas 258
Nanodiamonds
Olga A. Shenderova, Suzanne A. Ciftan HeNS.........ccccce v 263
8.1  Stability of Diamond at the Nanoscale..........ccccccooviiiiiiiiniiicienee, 264
8.2  Types of Nanodiamonds and Methods of Nanodiamond Synthesis... 267
8.3 Detonation Nanodiamond Processing and Modification................... 218

8.4 Fluorescent NanOIamMONAS. ........ooeeeeeeeeeeee et e et e e e e e e eaeenn 284



8.5  Applications of Nanodiamond Particles............cccccovvviviiiiienieiinninnne 285
8.6  Future Directions of Production and Applications..........c...cccccveurenee. 292
RETEIBNCES. ...t 293

Part B NanoMetals

9

10

Noble Metal Nanoparticles
Theruvakkattil S. Sreeprasad, Thalappil Prodeep......c.cccovvvvieiieiiniieiiieinnn, BOB
9.1  Historical Perspective of Gold and SilverNPs..........ccccvvivviieiciecieee 304
9.2 Diverse NANOSIFUCTUIES.........ccveiiiieieiieeie st ee e seeas 307
9.3  Common Synthetic Routes for the Preparation

Of Noble Metal NPS........oooiiiec e 311
9.4  Properties of Noble Metal Nanoparticles...........cccoovvviiiiiiniiniieninnne, 322
9.5  Postsynthetic Tuning of Properties.........ccccooevveviveieese e 324
9.6  Functionalized Metal NPS..........ccccoiiiiiiiicieece e 343
9.7  Applications of Gold and Silver Nanoparticles...........ccccccevvvvieniinnnnnns 347
9.8 New Gold and Silver Materials - QuantumCIlusters............cccccceveenen. 363
0.9 CONCIUSIONS......ueiiiitieiiesteeie e 366
RETEIBNCES. ... ettt e et e et e e e ste e e ebreenreeenree s 367
Nanostructures of Common Metals
Melinda Mohl, KFiSZtIAN KOTAAS..........oooeeeeeeeeeeee et eeee s 389
10.1  PoSt-Transition MetalsS..........ccceveeiieeiiecee e 390
10.2  Transition MELalS........cccviieiiiiiiiiiee e 392
10.3  Concluding RemMarks.........ccccoveiiiiieiie e 398
RETEIBNCES. ... et 399

11 Alloys on the Nanoscale

12

Giovanni Barcaro, Alfredo Caro, Alessandro Fortunelli.............ccccooovviinnnns 409
11.1  Concepts and PrinCIPIES........ccevieiieiieiie s 411
11.2  Preparation and SYNthesis..........ccccovieiiiiiiiiiciic e 413
11.3 Characterization of Nanoparticles and Nanoalloys............ccccoeevvriennee. 417
114 Properties.......ccocevenieenienensennens | PSSR 424
11.5 Nanostructured Bulk AHOYS........ccccoeiiiiiiieiece e 450
11.6  Applications........c.cccceevveveeieerieenne. L 457
11.7  Concluding RemMArKS.........ccoueiiiiieiie e 458
RETEIBNCES. ... ettt re e 459
Magnetic Nanostructures: Synthesis, Properties, and Applications

Shashwat Shukla, Pratap Kumar Deheri, Raju V. Ramanujan....................... 473
12,1 BACKGIOUNG ..ottt 474
12.2  Atomic Origin of MagnetiSM........ccociviiiiiiiiiiiiie e 475
12.3 Magnetic Length Scales and Origin of Nanomagnetic Behavior......... 478
124 Magnetic NANOSIIUCTUIES. .......cccueiieiiiiie i 483
12,5 CONCIUSIONS. ....ceiuiiiiiiieie sttt sreaneas 505

Y (=T (] A oY TP 506



Part C NanoCeramics

13

14

15

16

17

Nanocrystalline Functional Oxide Materials
Rakesh Shukla, Dimple P. Dutta, Jayshree Ramkumar, Balaji P. Mandai,

FAN T (O Y Vo | USRS 517
13.1  Synthesis MethOdS. ..o 518
13.2 Optical Properties of Oxide Nanomaterials............ccccoocvvvviiiiieiieennnn, 524
13.3 Sorbent Properties of Oxide Nanomaterials..........c.ccccoevviviiniiennnne. 532
13.4 Catalytic Properties of Oxide Nanomaterials.............ccccevvvnviniiinnennn. 536
13.5 Oxide Nanomaterials in TONICS........ccuvviriiiiieiieiierie e 538
13.6  CONCIUSIONS. ....ciiiiiiieiiie ittt bbb e 541
RETEIEINCES. ... ittt et 542

Piezoelectric Nanoceramics

Xiaohui Wang, Shaopeng Zhang, Longtu Li.......cccccccoviiiiiiiie e, 553
14.1  INtroduction t0 BSPT......coiiiiiiiiciece e 554
14.2 Synthesis of BSPT Nanopowders via Sol-Gel Method........................ 555
14.3  Sintering of BSPT NaNOCEramMICS.......cccciveiiieiieiiesiesieesieeseeesreesee e sneens 556
14.4 Grain Size Effect on the Properties of BSPT Ceramics............cccccveneee. 563
145 SUIMIMATY ..ottt ettt sttt b e sbe e e sbb e e s tb e e snaeesbeeenneas 567
RETEIEINCES. ...ttt sre e nreenree e 568

Graphite Oxide

LA LTI 7= o T 571
15.1 Synthesis of Graphite OXIde..........cccecveiiiiieiieir e 572
15.2 Characterization, Chemical Structure and Properties............c.ccceueee.. 576
15.3  APPHCATIONS......eiiiiiiiiiieeee e 589
15.4  Concluding REMArKS.........cooiiiiiiiieiic e 592
(R =Y (=T =] o1 592

Compound Crystals

Roi Levi, Maya Bar-Sadan, Reshef TENNEe........c.cccvvvviiiieiiie e 605
G0 R N =T 10 1S3 1 0 T3 (U (= 605
16.2  Synthetic MethOds..........ooiiiiiiii e 608
16.3  PhysiCal Properti€s........ccciiiiiiiiiii et 618
16.4  APPHICALIONS.......ooiiieiie et 628
GRS O] o To [VES] [o] o 1R 630
e (=T =] o =T O 631

Growth of Nanomaterials by Screw Dislocation

Fei Meng, Stephen A. Morin, SONG JIN......cccoiiiieiieiie e 639
17.1 Classical Crystal Growth TheOori€s.........ccccvvivieiiieeiecie e 640
17.2 Theories for Screw-Dislocation-Driven Growth of Nanomaterials..... 642
17.3 Structural Characterization of these Nanomaterials..............ccccveee.. 645
17.4  Generality of Dislocation-Driven Nanomaterial Growth.................... 649

17.5 Rational Growth of Dislocation-Driven Nanomaterials -
General StrategIeS.......cciveiieiieiie ettt nre s 658



17.6  APPHICALIONS. .....coiiiiiiiii e 659
17.7  Summary and PerSpPeCtiVES.........cccoceviiiiiiie e 660
RETEIEINCES. ...t bbb e s 661

18 Glasses on the Nanoscale
Hellmut Eckert, Sidney J.L. Ribeim, Silvia H. Santagneli, Marcelo Nalin,

Gael Poirier, YOUNES MeSSaAdEe.......ccceevuveriieiiiii et 665
18.1 Studying Medium-Range Order inGlasses and Nanoceramics............ 666
18.2  INANOCEIAIMICS. .. .cciviiiiiieeiie e it e et e et e s re e e sre e ete e s aeesreeesreeenreeens 676
18.3 Perspectives and Concluding Remarks..........ccccoevininniiiniieicciiens 684
RETEIENCES. ...ttt 685

Part D NanoComposites

19 Carbon in Polymer

RobertJ. Young, Libo Deng, Lei Gong, lan A.Kinloch...........cccooveviiinciicninen 695
19.1  MaterialS BaSICS......ccciouiiuiiiiiiiiiiiiie e siee st 695
19.2  Carbon Nanotube COMPOSITES........ccoirirriiieieiiree e, 702
19.3  Graphene COMPOSITES.........cciuiiiiiiriieie sttt 716
19.4  CONCIUSIONS.......oiiiiiiiiicie ettt sreennes 722
RETEIEINCES. ...ttt 722

20 Nanoparticle Dispersions
Krisztian Kordas, Jarmo Kukkola, Géza Toth, Meli Jantunen, Maria Szabo,

Andras Sapi, Akos Kukovecz,Zoltan Konya, Jyri-Pekka Mikkola...................... 729
20.1 Stabilization of Nanoparticle DISPersions..........cccoccvvvvrieesieriieesiensnenenns 730
20.2 Nanoparticle Dispersion in PractiCe..........cccceoveviveiiieiieeiiesiee e 734
20.3 Dispersions of Carbon Nanomaterials.............cccoocveviiieiie e 745
20.4  Drying Dispersions 0N SUITaCeS..........ccccvveiveiieieeiie e 752
20.5 Concluding REMAIKS........cccoiiiiiiiiiiie e 758
RETEIENCES.......eiiie e 758

Part E Nanoporous Materials

21 Nanoporous Metals

Yi Ding, Zhonghua ZNRang..........cccceiiiiiiiiiiee e 779
21.1 Preparation of Nanoporous Metals............ccccoovviieiiiiecice i, 779
21.2  Properties of Nanoporous Metals...........ccoceviiiiiiininnin i 789
21.3  APPHICALIONS......eeieee e 808
21.4 Concluding Remarks and ProSpects.........ccccovvveiieevieesiiee e 810
RETEIBINCES. ... e ae e 811

22 Zeolites
Istvan Palinkd, Zoltan Konya, Akos Kukovecz,Imre KiricSi.........cocoovevvvevnene. 819
221 Common Zeolite FrameWOrKS......ooouueoee et 822



22.2 Zeolite and Zeolite-Related Molecular SIeves.........ceeeeeeeeeeeeeeeeeannn.. 823

22.3 Natural Zeolites: Occurrence and Formation...........cccevevieiiveiiiennnnn, 825
22.4 Methods of Identification and Characterization............cccccoccvevveenenn, 828
22.5 Synthesis of Zeolitic Materials...........ccocoviiiiiiiiiniee 830
22.6 lon Exchange, Sorption, and Diffusion in Microporous Materials..... 836
22.7 Acid-Base Properties 0f Ze0oltesS.........cocovviiiiiiiiiie e, 841
22.8 Stability and Modification of Zeolite Structures..........ccccoevvvvvvevnennnnnn, 843
22.9  Zeolites @S CatalyStS........ccoveiiieiieiie et 846
22.10 Some Special Applications of Zeolites..........ccccccvevveviieiieeiie s 848
22.11 CONCIUSIONS.....ueiiiiiiiieiiie ettt e te e e beenes 850
= (5] =] 1TSS 850

23 Porous Anodic Aluminum Oxide

Qiaoling Xu, GUOWEN MENQ......c.ccoieiieiieiie e e ste et sne e 859
23.1  BaCKGrOUNG.......cccooiiiiiiiie ettt 859
23.2  Preparation of AAD Templates.........ccccviviiieniiiinie e 860
23.3  Nanostructures Constructed in AAO Templates..........ccccevevevieeiieernnnns 862
23.4  Conclusions and OULIOOK...........cccviieiiiiiiiiiieeeese e 879
RETEIENCES. ...ttt nreas 879

24 Porous Silicon

PA0I0 BEILOTEH.....ccueeveciieie e 883
24.1 Basics of Porous Silicon Electrochemistry and Formation Models..... 884

24.2  Other Etching Methods.........coceiieiiiiiiiie s 886
24.3  Porous Silicon Structural Properties..........cccueverienenieneniiene e, 837
24.4  Light Emission from Porous SiliCONn...........cccovviiiiiieci e 890
24.5 Thermal and Electrical Properties........ccccoovevvevieviecieeseese e, 891
24.6  The Role 0f the SUrface........ccccccvvieiiiiiiiii e 891
24.7 Applications of Porous SiliCoN...........cccccceviiiiiie i 892
24.8  CONCIUSIONS. ....coiiiiiiiiiii ittt e e e e anaeanae s 897
RETEIENCES.....coeee et sne s 898

Part F Organic and Bionanomaterials

25 Organic Nanomaterials

Huanli Dong, Wenping HuU........ccooiiiiiiie e 905
25.1 Preparation/Synthesis of Organic Nanomaterials.............c.cccocevveriennnn. 905
25.2 Properties of Organic Nanomaterials............ccccoovivviieiie e, 910
25.3  APPHICALIONS. ... .eiiiiiiiiiiiieiieee e 925
25.4  Concluding RemMArKS..........ccveiieiieiieie e 930
RETEIEINCES. ... .o e 932

26 Nanocomposites as Bone Implant Material
Vinod Kumar, Bipul Tripathi, Anchal Srivastava, Preeti S. Saxena............... 941

, 26.1 The Quest for a Suitable Bone Implant...........cccocevivviniinninnieien, 942
26.2  BONE....oo 942



27

26.3  Existing/Conventional Bone Implant Materials and Their

SHOMCOMINGS.....cvvveceeeeiees e, L (O 944
26.4 Major Challenges with Existing/Conventional Implant Materials....... 949
26.5 Nanotechnology and Tissue ENQINEEriNg........cccccevvevieiiieiieiieiie e 949
26.6  FULUIE PerSPECLIVES.......cccieiiie ettt 965
Sy =] (=] [0 =PRSS 965
Nanofiber Biomaterials
Rochelle N. Palchesko, Yan Sun, Ling Zhang, John M. Szymanski,
Quentin Jallerat, Adam Ul FEINDErg........cccoviie e 977
27.1  Methods of ProducCtion..........ccocveiieiii s 980
27.2 Properties of Nanofiber Biomaterials............ccccocevveiviieeiieiecce e 986
27.3 Characterization of Nanofiber Biomaterials............ccooceoiviniiiiiinnnnne. 993
274 APPHCALIONS.....coiiiiiiiiiee e 999
27.5 Conclusions and OULIOOK............ccoeiiiiriiiiiiieee e 1005

R BTN CES. ...ooe ettt 1006

PartG Applications and Impact

28

29

30

Nanostructured Materials for Energy-Related Applications

Arava L.M. Reddy, Sundara Ramaprabhu.............cccccovviiiiiiiiieeeee, 1013
28.1 Energy-Related Carbon Nanotubes...........cccciviiiiiiniiii e, 1013
28.2 CNTs as Support Material for Electrocatalysts in PEMFC....................... 1016
28.3 CNTs as Supercapacitor Electrode Materials............cccccceeviviieeiieennnnn, 1023
RETEIENCES. ... .ottt sa e e te e s e e s ate e saae e saee e sareeanre e 1032

Nanomaterials in Civil Engineering

Jaesang Lee, Seunghak Lee, Eunhyea Chung, Vincent C. Reyes,

Shaily Mahendra.........cccooiiiiii s 1039
29.1 Applications of MNMs in CONSIIUCTION.........ccoviiiiiieiiiiie e 1041
29.2 Environmental Release of MNMs Used in Construction..............c......... 1047
29.3 Potential Adverse Biological Impacts and Toxicity Mechanisms........ 1049
29.4 Mitigation of Environmental and Health Impacts............cccccecveenenee. 1052
29.5  CONCIUSIONS. .. .coiiiiiiiecii ettt anne s 1054
RETEIENCES ... et nbesbe e 1055
Plasmonic Nanomaterials for Nanomedicine

Renat R. Letfullin, Thomas F. GEOIQE........ccccvviiiiiiiiiiiie e 1063
30.1  INTrOAUCTION......ciiiiiieie et 1063
30.2 Nanooptics - Lorenz-Mie FormaliSm.........c.cccvvviieiieiiieniese e 1064
30.3 Optical Properties of Gold Nanoparticles in Biological Media............. 1065
30.4 Kinetics of Heating and Cooling of Nanoparticles.............cccocevvnennene. 1067
30.5 Spatial Distribution of Temperature Fields Around the Nanoparticle. 1076
30.6 New Dynamic Modes in Selective Plasmonic Nanotherapy................ 1083

] (=1 £=] 0= TR TRPTTTRRRRRRT 1095



31 Carbon Nanotube Membrane Filters

Anchal Srivastava, Saurabh Srivastava, KaushikKalaga.................ccccceeen.. 1099
31.1 Types Of FIltratioN.........ccuuiiiiiiie e 1100
31.2 Mechanisms of Filtration..............coooiii i 1101
31.3 Carbon Nanotube Membrane Filters.........cccocooiiiiiiiiiiiiiie 1102
31.4 Future Research PerSPeCtiVES........vvuiiiiiieiiiiin e 1112
S (=] = o =2 1112

32 Nanomaterial Toxicity, Hazards, and Safety

Zuzanna A. Lewicka, Vicki L. COIVIN......ccooiiiiiiiiiicii e 1117
32.1 Engineered Nanomaterials - General OVerview...........ccccoeeeevvevvnnnnnn.e. 1118
32.2 Occurrence of Engineered Nanoparticlesinthe Environment............. 1119
32.3 Effects of Nanoparticles on OrganiSms..........ccccoovvvviiieierieiiiieeeeeeeninn, 1120
32.4 Nanoparticle Physicochemical Characteristics of Relevance
fOr TOXICOIOQY....ovuiiiiiiiiiii e 1124
32.5 Special Case — SUNSCIEENS........uuiiiiiiiiiiiiieeiiiiiseeeeetiis e e eertn e e s eana e 1130
32.6  CONCIUSIONS. .. .ciiiiiiiieei ettt e e et e e e e e et e e e e eeba e e e e 1132
RETEIEINCES. ...t e e e e e e e e e e e e eeees 1133
ACKNOWIEAGEMENTS. ... 1143
ADOUL The AUTNOIS... .o eeeeaas 1145
Detailed CONTENTS........ouuiiie e e e e e e eeeees 1163

S U 1 o] =03 il 11 Lo 1= S 1181



