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Dolinšek, J., Jarh, O., Vilfan, M., Žumer, S., Blinc, R., Doane, J. W. and Crawford,

G. (1991). 2-dimensional deuteron nuclear-magnetic-resonance of a

polymer dispersed nematic liquid-crystal, Journal of Chemical Physics
95, 3, pp. 2154–2161.

Dong, R. (1997). Nuclear Magnetic Resonance of Liquid Crystals, 2nd edn.

(Springer-Verlag, New York).

Donnio, B. (2002). Lyotropic metallomesogens, Current Opinion In Colloid
& Interface Science 7, 5-6, pp. 371–394, doi:10.1016/S1359-0294(02)

00084-5.

Donnio, B., Barbera, J., Gimenez, R., Guillon, D., Marcos, M. and Serrano,

J. L. (2002). Controlled molecular conformation and morphology in

poly(amidoamine) (PAMAM) and poly(propyleneimine) (DAB) den-

drimers, Macromolecules 35, 2, pp. 370–381, doi:10.1021/ma010881+.

Donnio, B., Buathong, S., Bury, I. and Guillon, D. (2007). Liquid crystalline

dendrimers, Chemical Society Reviews 36, 9, pp. 1495–1513, doi:10.

1039/b605531c.

Donnio, B. and Guillon, D. (2006). Liquid crystalline dendrimers and

polypedes, in Supramolecular Polymers Polymeric Betains Oligomers,
201 (Springer), pp. 45–155, doi:10.1007/12 079.

Donnio, B., Guillon, D., Deschenaux, R. and Bruce, D. W. (2003). Comprehen-
sive Coordination Chemistry II, Vol. 7, chap. 7.9 (Elsevier, Oxford, UK),

pp. 357–627.

Eidenschink, R., Kreuzer, F. H. and de Jeu, W. H. (1990). Liquid-crystalline

behavior of molecules with tetrahedral symmetry, Liquid Crystals 8, 6,

pp. 879–884, doi:10.1080/02678299008047398.



November 8, 2016 13:20 PSP Book - 9in x 6in NMR-Dendrimers

208 Bibliography

Elsasser, R., Mehl, G. H., Goodby, J. W. and Veith, M. (2001). Nematic

dendrimers based on carbosilazane cores, Angewandte Chemie-
international Edition 40, 14, pp. 2688–2690, doi:10.1002/1521-

3773(20010716)40:14<2688.

Elsasser, R., Goodby, J. W., Mehl, G. H., Rodriguez-Martin, D., Richardson,

R. M., Photinos, D. J. and Veith, M. (2003). Structure-properties

relationships in a series of liquid crystals based on carbosilazane cores,

Molecular Crystals and Liquid Crystals 402, pp. 237–243, doi:10.1080/

744816667.

Emsley, J. W. (1983). Nuclear Magnetic Resonance of Liquid Crystals (D.

Reidel).

Ernst, R. (1976). 2-dimensional spectroscopy-application to nuclear

magnetic-resonance, Journal of Chemical Physics 64, pp. 2229–2246.

Ernst, R. and Anderson, W. (1966). Application of fourier transform

spectroscopy to magnetic resonance, Rev iew of Scientific Instruments
37, p. 93.

Ernst, R. R., Bodenhausen, G. and Wokaun, A. (1992). Principles of Nuclear
Magnetic Resonance in One and Two Dimensions (Oxford Science).

Fabbri, U. and Zannoni, C. (1986). A monte-carlo investigation of the

lebwohl-lasher lattice model in the vicinity of its orientational

phase-transition, Molecular Physics 58, 4, pp. 763–788, doi:10.1080/

00268978600101561.

Farrar, T. C. and Becker, E. D. (1971). Pulse and Fourrier Transform NMR
(Academic Press, New York, London).

Felekis, T., Tsiourvas, D., Tziveleka, L. and Paleos, C. M. (2005). Hydrogen-

bonded liquid crystals derived from supramolecular complexes of

pyridylated poly(propyleneimine) dendrimers and a cholesterol-based

carboxylic acid, Liquid Crystals 32, 1, pp. 39–43, doi:10.1080/

02678290412331320566.

Figueirinhas, J. L., Cruz, C., Filip, D., Feio, G., Ribeiro, A. C., Frere, Y., Meyer,

T. and Mehl, G. H. (2005). Deuterium NMR investigation of the biaxial

nematic phase in an organosiloxane tetrapode, Physical Review Letters
94, 10, p. 107802, doi:10.1103/PhysRevLett.94.107802.

Figueirinhas, J. L., Cruz, C., Feio, G. and Mehl, G. H. (2009). Collective modes

and biaxial ordering observed by deuterium NMR in the nematic phases

of an organosiloxane tetrapode, Molecular Crystals and Liquid Crystals
510, pp. 158–174, doi:10.1080/15421400903060888.

Filip, D., Cruz, C., Sebastião, P. J., Ribeiro, A. C., Meyer, T. and Mehl, G. H.

(2005). Peculiar molecular dynamics behaviour in the isotropic phase



November 8, 2016 13:20 PSP Book - 9in x 6in NMR-Dendrimers

Bibliography 209

of some liquid crystalline systems, Molecular Crystals and Liquid
Crystals 436, pp. 17/[971]28/[982].

Filip, D., Cruz, C., Sebastião, P. J., Ribeiro, A. C., Vilfan, M., Meyer, T., Kouwer,

P. H. J. and Mehl, G. H. (2007). Structure and molecular dynamics of

the mesophases exhibited by an organosiloxane tetrapode with strong

polar terminal groups, Physical Review E 75, 1, p. 011704, doi:10.1103/

PhysRevE.75.011704.

Filip, D., Cruz, C., Sebastião, P. J., Cardoso, M., Ribeiro, A. C., Vilfan, M.,

Meyer, T., Kouwer, P. H. J. and Mehl, G. H. (2010). Phase structure

and molecular dynamics of liquid-crystalline side-on organosiloxane

tetrapodes, Physical Review E 81, 1, p. 011702, doi:10.1103/PhysRevE.

81.011702.

Francescangeli, O. and Samulski, E. T. (2010). Insights into the cybotactic

nematic phase of bent-core molecules, Soft Matter 6, 11, pp. 2413–

2420, doi:10.1039/c003310c.

Freed, J. H. (1977). Stochastic-molecular theory of spin-relaxation for liquid-

crystals, Journal of Chemical Physics 66, 9, pp. 4183–4199, doi:10.1063/

1.434495.

Freiser, M. J. (1970). Ordered states of a nematic liquid, Physical Review
Letters 24, 19, pp. 1041–1043, doi:10.1103/PhysRevLett.24.1041.

Galerne, Y. (1988). Biaxial nematics, Molecular Crystals and Liquid Crystals
165, pp. 131–149, doi:10.1080/00268948808082199.

Gehringer, L., Guillon, D. and Donnio, B. (2003). Liquid crystalline octopus:

an alternative class of mesomorphic dendrimers, Macromolecules 36,

15, pp. 5593–5601, doi:10.1021/ma034038i.

Gehringer, L., Bourgogne, C., Guillon, D. and Donnio, B. (2004). Liquid-crys-

talline octopus dendrimers: block molecules with unusual mesophase

morphologies, Journal of the American Chemical Society 126, 12, pp.

3856–3867, doi:10.1021/ja031506v.
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Liquid crystal 8CB in random porous glass: NMR relaxometry study of



November 8, 2016 13:20 PSP Book - 9in x 6in NMR-Dendrimers

220 Bibliography

molecular diffusion and director fluctuations, Physical Review E 76, 5,

p. 051708, doi:10.1103/PhysRevE.76.051708.

Vold, R. and Vold, R. (1994). The Molecular Dynamics of Liquid Crystals
(Kluwer Academic, the Netherlands).

Ward, B. B. and Baker Jr., J. R. (2008). Dendrimer-Based Nanomedicine (Pan

Stanford, Singapore).

Woessner, D. E. (1962). Spin relaxation processes in a 2-proton system

undergoing anisotropic reorientation, Journal of Chemical Physics 36,

1, pp. 1–&, doi:10.1063/1.1732274.

Zavada, T. and Kimmich, R. (1999). Surface fractals probed by adsorbate

spin-lattice relaxation dispersion, Physical Review E 59, 5, pp. 5848–

5854, doi:10.1103/PhysRevE.59.5848.

Zavada, Z. and Kimmich, R. (1998). The anomalous adsorbate dynamics

at surfaces in porous media studied by nuclear magnetic resonance

methods. the orientational structure factor and levy walks, Journal of
Chemical Physics 109, 16, pp. 6929–6939.

Zhu, X. M., Vinokur, R. A., Ponomarenko, S. A., Rebrov, E. A., Muzafarov, A. M.,

Boiko, N. I. and Shibaev, V. P. (2000). Synthesis of new carbosilane

ferroelectric liquid-crystalline dendrimers, Polymer Science Series A 42,

12, pp. 1263–1271.

Zhu, X. M., Boiko, N. I., Rebrov, E. A., Muzafarov, A. M., Kozlovsky,

M. V., Richardson, R. M. and Shibaev, V. P. (2001). Carbosilane

liquid crystalline dendrimers with terminal chiral mesogenic groups:

structure and properties, Liquid Crystals 28, 8, pp. 1259–1268.

Zimmermann, H., Poupko, R., Luz, Z. and Billard, J. (1985). Pyramidic

mesophases, Zeitschrift Fur Naturforschung Section A - A Journal of
Physical Sciences 40, 2, pp. 149–160.
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aligned sample 146, 158–159, 169

aligned systems 112

alignment direction 112

aliphatic chains 14, 36, 51, 113,

137, 152, 165, 170, 173, 190

alkoxy chains 35, 37

terminal 35–36

angular frequencies 68–69, 71, 94,

96

angular velocity 68–70

anisotropic fluids 85, 88, 90, 95,

97

anisotropy, molecular 17

aromatic segments 35–36

Arrhenius law 169, 181–182,

187–188, 200

asymmetry parameter 87, 136,

141–142, 151–152, 156, 158

average EFG tensor 141

average time 162–163

axis 13, 19, 22, 27, 64, 67–71, 73,

76, 82, 90, 100, 134, 141

columnar 25, 183, 198

column’s 26

fixed molecular frame 16

main molecular 17, 140

molecular long 22

single 16

coinciding 67, 69, 82

perpendicular 25, 81, 142,

144–145, 158

behavior 9, 25, 131, 156, 164, 171,

177–178, 184

biaxial nematic 136, 148, 153,

158, 160

cybotactic 180

molecular dynamics 44, 164,

182, 192

mesomorphic 47, 51, 173

NMR relaxation 199

phase 148, 153, 155

benzene rings 172, 178

biaxial arrangement 156–157

biaxiality 140–141

biaxial nematic cluster phase 25

biaxial nematic order 137, 148,

153, 155

biaxial nematic phase 133, 135,

137–139, 141, 143, 145–147,

149, 151, 153, 155, 157

biaxial nematics 16, 18, 136, 157

biaxial ordering 137, 152, 159,

180

Bloch’s equations 67–69, 78, 103,

128–129

Bohr condition 64, 66, 74–75

branches 1, 4, 46–47, 58, 175

complex 3

calamitic mesogens 47, 184

calculations 98, 100, 107, 121,

151–152

calculus 108–109, 111, 113–114

candidates, good 90, 135
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carbon 85–86

carbosilane-based dendrimers

38–39

carbosilane dendrimers 40, 42

carbosilazane-based dendrimers

45

chains 30–31, 36–38, 54, 157

main 29–30

side 29–30

change 67–68, 77

rate of 67–68, 106–107

chemical nature 14–15, 38, 60

chemical structure 33, 42, 47–48,

51, 53, 58, 137–139, 146,

164–166, 172–173, 181, 189

cholesteric 18–20

codendrimers 37, 157, 192

coherence lengths 195

coil axis 102–103

columnar deformations 185, 188

elastic 186, 196

columnar hexagonal phases 43,

183–184

columnar phases 15, 25–26, 30,

35–38, 40–41, 43–45, 55,

58–59, 123, 184, 186–187,

189, 191, 198, 200

columnar rectangular phases 192

columns 10, 15, 25–27, 36, 40,

44, 49, 51, 55, 59, 123,

186–187

comparison 24, 104, 106, 152,

156–157, 159, 187, 194, 196,

198, 200

complexity 116, 188, 192

complex phases 10–11

complex systems 11

components 64, 68–69, 71, 82, 88,

97, 103, 134, 137, 140,

150–151, 187

irreducible 150–151

compounds 11, 51, 125, 152, 164,

172, 189

lyotropic 10

compression 21, 120, 123, 186

concentration 10

conditions 66, 82, 97, 130–131,

134, 141, 144, 157, 194

experimental 127, 130, 154,

164

local molecular 200

configuration 35, 45, 47

coupling 76, 102, 103, 123

dipolar 44, 85, 109, 111

dipole–dipole 22

head-to-head 165

quadrupolar 72, 109, 141,

151–152

spin–spin 72, 95

continuous wave (CW) 62

contributions 100–101, 116, 118,

121–123, 162, 166, 168, 170,

175, 178, 180, 182, 184, 192,

198–200

BPP 168170, 175, 177, 178,

181, 186, 194, 196

cross-relaxation 125

ECD 187

layer undulation 170, 180, 200

ODF 121

partial 167, 192, 196

relaxation 118, 125

rotating 69

SD 175

spectral 133

static 69

core 3, 4, 15, 31, 33, 38, 40, 45,

170

central 3, 38, 43, 44

molecular 24, 183

rigid aromatic 190

core NC 31–32

correlation length 122, 171

short 171

correlation times 115–118, 162,

164, 170, 184, 187, 194, 196

CR, see cross-relaxation

cross-relaxation (CR) 123, 124,

125, 162, 194, 197

curves, solid 175, 178, 184
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cutoff frequencies 123, 164, 187

CW, see continuous wave

cyanobiphenyl 35, 38, 42

dark conglomerate phases 41

decay 68–70, 99, 119

defects 4

deformations 27, 120, 122–123,

187

elastic 26, 119–120

dendrimer arm 158

dendrimer branches 46

dendrimer cores 190

internal 118

dendrimer generation 192, 195

appropriate 32

dendrimer LC materials 15

dendrimer liquid crystal

molecules 12

dendrimer molecules 2, 32, 118

dendrimer periphery 32

dendrimers 1–5, 11, 29, 31–44,

46–51, 56, 58–60, 118,

157–158, 170, 172, 182,

189–192, 194–196, 198–201

complex 38

consecutive 198

containing 43, 45, 59

fullerene 58

low-generation 4

magnetic 5

main-chain 46–47

neighboring 170, 178, 182, 199

octopus 48, 50

particular 173

polyether 3

resulting 59

side-chain 34, 46–47, 198

side-on 45

single 170

standard 60

starburst 190

supramolecular 54

zero 182

change 40

generations 45

pile 40

properties 6

dendrimer structures 2, 4, 29

dendrimer surface 4

external 35

dendrimer synthesis 51

dendrimer systems 125

dendritic arms 154, 170, 178,

199

dendritic branches 37, 46, 58–59

dendritic cores 33, 35–36, 38,

40–41, 44–46, 58, 60, 139,

157–158, 170, 183, 190, 192,

199

inner 2, 31, 40, 49

dendritic metallomesogens 58–59

dendritic molecules 49, 165, 170,

199

dendritic structure 4, 31, 33, 38,

46–47, 140, 199

dendrons 3, 31, 51, 53–55, 59

self-assembling 55–56, 59

density matrix 78–82, 97–98,

100–101

density operator 78, 107–108

density variation 20, 26

dependence 65, 86, 124, 164,

177–178, 200

low-frequency 200

design 30, 53–55, 58

dendrimer core 33

detection 81–82, 128–129, 145

deuterated probe 137–138, 140,

146–147, 152, 158–159

deuterium 85–86, 123, 133

deuterium NMR spectra 157

deuterium nucleus 136–137, 150

deuterium spectra 146–148

differential scanning calorimetry

(DSC) 147, 156

diffusion coefficients 163–164
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dipolar coupling, direct 109, 111

dipoles, lateral 22, 24–25

direction 13, 20, 64, 103, 122, 129,

134

principal 90, 134, 136

single 16, 18

spatial 63–64

direction perpendicular 20, 122,

134, 171

director 16, 18, 20, 24–25,

133–134, 157–158, 160, 163,

169, 180, 187

local 19, 25

main 16–17, 144–145, 156

director field 18–19, 120

director fluctuations 122, 164,

169

nematic order 178, 184

discotic compounds 15

discovery and developments 61

displacements 118–119, 163, 199

molecular 118, 122

distance 20, 76, 116, 119, 177,

187, 198

average square 163

distortions, periodic 120

distribution 17, 146–147, 149,

154, 158

director radial 159

molecular orientational 17

nonuniform 158, 160

partial orientation 154

DSC, see differential scanning

calorimetry

dynamics 5–6, 78, 196

ECD, see elastic columnar

deformation

EFG, see electric field gradient

EFG tensor 141, 146, 149–150

eigenfunction 64

eigenstate 76–78, 90–91, 96,

124

eigenvalue 64, 75, 78, 92–93

eigenvalue equation 64, 77, 93

eigenvector 75, 80–81, 92–93

elastic columnar deformation

(ECD) 123, 186, 196

elastic constants 19, 21, 121–123,

164–165, 169, 171, 177, 186,

195

electric field gradient (EFG) 71,

133–134, 136–137, 142

elements

diagonal 79–81

order matrix 89–90

emitter/receiver RF system 102

end-on LC dendrimers 164

end-on mesogens 37

energy 18, 66–67, 69, 82, 93,

105–106

absorption of 63, 66

exchange of 68–69, 105

energy levels 64–65, 72, 74,

76–77, 82, 86, 96, 105–107,

124

energy spectrum 63, 75–76, 88

energy transfer 6, 69

ensemble 65–66, 68, 79, 98

ensemble average 16, 89, 111,

116, 149, 151

equilibrium 65, 70, 76, 106–107,

120

thermal 6, 65–67, 80, 98

state 103, 105

values 68, 110

Euler angles 109, 141–142, 146

evolution 65–66, 68, 70, 80, 82,

97, 103, 105, 129

expectation value 63–64, 78–79,

107

experimental data 147–148, 153,

155, 159, 167, 169–170,

175–176, 178, 181, 184, 192,

194, 196

experimental techniques 5–7, 127,

156, 161
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experiments 63, 142, 144, 152

continuous-rotation 154

expression 19–21, 47, 110, 113,

117, 154, 163, 167, 171, 175

theoretical 153, 155, 196

external media 32

external static magnetic field 5,

133

fast field cycling (FFC) 128, 162

ferrocene 56, 58

FFC, see fast field cycling

FID, see free induction decay

field 7, 62, 65, 69–70, 72, 77, 87,

98, 130, 135

earth’s 130

external 66, 156–157

fixed frame 67–69, 76, 82, 88

flexibility 31, 46, 60, 157

flexible chains 29, 35, 53–54

fluctuation modes 122, 177

Fourier transform 81, 97, 99, 102,

149

frame 82, 88–90, 150

freedom, conformational 46–47

free energy 19, 21

free induction decay (FID) 81, 97,

100, 102, 104, 128–129

frequencies 59, 62, 64–65, 80, 83,

94–95, 97, 99, 115, 118, 125,

127, 130, 182, 184

frequency dependence 178, 180,

186, 197, 200

frequency range, large 180, 182

fullerene 58–59

function 18, 20, 114–115, 147,

149, 153–155, 163–164, 166,

168, 176, 178–179, 182,

184–185, 193, 195

autocorrelation 110–111

probability 113

functional elements 32, 38, 47

functionalization 4, 35, 40, 42, 45,

60, 190

functional molecular moieties 32

gases 74–75

generation dendrimers 45, 200

higher 40

low 45

lower 31, 45

generation number 42

generations 2–4, 31–34, 36–38,

40, 42, 45–47, 51, 54, 59,

157–158, 164, 188–193,

195–196, 198, 200

first 56

Hamiltonian 64, 76, 80–83, 86, 96,

98, 100, 107, 109

effective 98–101

perturbation 107–108

perturbing 92, 95–96

simplified 99, 102

system’s 86

total 71–72, 74, 76, 86, 93

unperturbed 90–91, 95–96

terms 86, 108

high-generation dendrimers 31

higher-generation dendrimers 4,

40

high-field NMR spectroscopy 72,

74–75, 86, 97

high-frequency regime 115, 194,

200–201

homodendrimers, corresponding

37

hydrogen nuclei 85, 108

IGBT, see isolated gate bipolar

transistor

inclusion 24, 34, 46, 176

indices 89
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information 63, 85, 87–88, 129,

141

integer values 63

interacting spins 75–76, 86, 90

dynamics of 78–79

groups of 76

interactions 5, 19, 32, 65–66,

68–69, 71, 73, 76, 86, 105, 133

interdigitation 170, 177, 182, 186

molecular 118, 178, 199

systematic 180

investigation 6, 133, 135, 137,

139–141, 143, 145, 147, 149,

151, 153, 158, 160–162,

164–165, 198–199

molecular ordering 44

systematic 35, 164

isolated gate bipolar transistor

(IGBT) 132

isotropic 13, 17, 74, 112, 119, 163,

166, 168, 175–176, 178–179,

181, 184–185, 188

phase 14, 117, 162, 169, 175,

177–178, 180, 182, 186, 201

junctions 4, 10, 42, 47

laboratory frame 17, 73, 109, 128,

150

lamellar phases 10, 22, 122, 173

lamellar-to-columnar phase

transitions 40

Larmor frequency 71, 75,

102–105, 114–115, 123–124,

128, 161, 164, 166, 175–176,

178–179, 185, 193, 197

Larmor precession frequency 65,

68, 77

lattice 6, 22, 25, 27, 65–69, 76, 98,

107, 123

hexagonal 21–22

reservoir 106–107

layers 1–2, 10, 15, 20–25, 33,

40–41, 49, 120, 122, 163,

170–171, 174, 180

disordered 20

inner dendritic mesogenic 49

submolecular 45

layer undulation (LU) 119, 122,

164, 166–169, 171, 180, 187,

192, 194–196, 200

layer undulations

contribution 169–170, 180

LC, see liquid-crystalline

low-molecular-weight 195, 197,

200

LC codendrimer 189

LC dendrimers 12, 30–31, 33, 42,

44, 56, 58–59, 133, 135, 137,

139, 141, 143, 161–162,

164–165

end-on side-chain PAMAM 194

ferrocene–fullerene 58

persistent 51, 59

polyether 33

shape-persistent 59

silicon-containing 33, 38, 42

siloxane-based 182

thermotropic 11

LC dendrimers chemistry 58

LCD, see liquid-crystal display

LC fullerene dendrimers 57

LC PAMAM generations 189–190

LC phases 10, 13, 15–16, 27, 31,

34, 42, 44, 46, 59–60, 119, 164

columnar lyotropic 10

thermotropic 10

LC polymer nematic phase 30

LC polymers and LC

dendrimers 30

LC polymers and mesophases 30

LC polymer smectic phase 30

LC systems 55, 162, 175

low-molecular 40

levels 1–2, 129, 131, 192

adjacent 64
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limitations 136, 142, 144

liquid crystal dendrimers 5–7,

133–134, 136, 138, 140, 142,

144, 146, 148, 150, 152, 154,

156, 158, 160–162

liquid-crystal display (LCD) 5

liquid-crystalline (LC) 9, 13, 29,

59, 123, 133, 161

liquid-crystalline dendrimers 5–7,

29–30, 32, 34, 36, 38, 40, 42,

44, 46, 48, 50, 52, 54, 56

liquid-crystalline

fullerodendrimers 57

liquid-crystalline phases 113

liquid crystals 5–7, 9–14, 16, 18,

20, 22–24, 26, 112, 116,

135–136, 159, 161, 163, 193

biforked low-molecular-

weight 198

dendritic 15, 58

deuterated nematic 124

low molecular weight 143

low-molecular-weight

thermotropic 171

lyotropic 9–11, 15, 171

polymer 11, 29

supermolecular ionic 37

thermotropic

low-molecular-weight 11

liquid crystal types 9

long molecular axis 20, 116–117,

171

longitudinal 25

long molecular axis projection 180

lower generations 40, 60

low-molecular-weight 11, 15

LU, see layer undulations

lyotropic systems 122

magnetic field 103–105, 112, 124,

127, 129, 131

external 68, 102–103, 128,

130–131

magnetic field transitions

129–130

magnetic induction field 64, 69

external 65, 90

oscillating 66–67

magnetic resonance imaging

(MRI) 61–62

magnetization 65, 68, 70–71, 98,

101, 103, 106, 128–129

complex 82, 99, 102

nuclear spin 102–103

magnet’s power supply 131

magnitude 161, 187, 195–196,

198–199

main-chain LC dendrimers 46, 51,

59, 156

main-chain LC octopus

dendrimers 49

materials 5–6, 9–12, 31, 33, 42,

44, 51, 59, 137, 144, 156, 158,

164, 169, 172–173

host 136–137

materials science 4–5, 61

mechanism 186–188, 192, 195,

200

molecular rotation 180

molecular rotation/

reorientation 200

member, second 68

mesogenic 9, 40, 45, 125, 157,

183

elements 29, 46

molecules 25

properties 30, 33

sublayer 35, 40, 171, 192

mesogenic units 11, 29, 31–33,

35–37, 40–41, 44–46, 48–49,

157–158, 160, 170, 173–174,

180–183, 186–188, 190,

199–200

appropriate 35, 38, 42

attached 157, 182

peripheral 42, 49, 60, 118, 197

rigid 30, 59
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side-on 32, 44–45, 183–184

terminal 190

mesogens 12, 20, 22, 26, 31, 33,

35, 37–38, 44, 47, 49

attached 137, 180, 200

bent-core 135, 157

mesomorphism 31, 33, 43, 48

mesophase organization 196

mesophases 9, 11, 14–15, 29–31,

33, 37, 54–55, 58–60,

160–162, 164–165, 168,

172–173, 181–182, 189,

198–201

columnar 50

common LC 119

cubic 55

highest temperature 14

novel 41

resulting 198

studied 164

metal oxide semiconductor

field-effect transistors

(MOSFETs) 132

method, pulsed 62

microsegregation 35–36, 38, 40,

44–45, 60, 170–171, 173

columnar mesophases 14

microsegregation mechanism 38,

40

mixture 136–137, 147, 152

models 40, 67, 116–118, 120, 125,

177

molecular alignment 18, 160

molecular architectures 6, 59, 165,

198

molecular arrangements 12, 37,

41, 44, 192

columnar 191

molecular axes 157

molecular beams 61

molecular crystals and liquid

crystals 159, 193

molecular dynamics 6–7,

105–106, 108, 110, 112, 114,

116, 118, 127–128, 140,

160–161, 165–166, 192–193,

197–199, 201

behavior 164, 182, 192

investigations 161

timescales 162

molecular entities 12, 192

molecular frames 17, 89

molecular motions 6, 83, 88, 118,

161–162, 167, 175, 178, 184,

192, 196

molecular order 5–6, 26, 140

molecular organization 5, 10, 14,

16, 22, 44, 49, 157, 184, 192

molecular orientation 133

preferential 19

molecular packing 160, 175, 180,

184

molecular reorientation, rapid

86

molecular reorientations 117,

182

slower 186

molecular rotations/reorientations

162, 197, 199

fast 184

global 118

molecular segments 9, 15, 33, 36,

40, 50, 60, 90, 118, 154,

170–171, 192, 196

flexible 14, 30

molecular self-diffusion 162, 170,

177–178, 201

molecular structure 22, 31, 44, 58,

63, 87–88, 158–160, 165,

182–183, 194, 198, 201

complex 156

dendritic 139

exact 158

particular 118

molecules 1, 9–11, 13, 15–23, 25,

32–33, 35, 75–76, 85–86,

89–90, 112–113, 115–116,

118–119, 137, 162–163
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anisometric 116, 118

anisotropic fluid 85–86

bent-shape 24

biforked 40, 187, 194

calamitic 13, 15, 117

chiral 24

discotic 15, 25

low-molecular-weight

liquid-crystal 194

neighboring 33, 158, 165

surfactant 10

system’s 85

tilted 20, 22–23, 26

monomers 1–2, 38, 137, 139–140,

158–160, 172–173, 175–177,

181–182, 199

corresponding 137, 139–140,

199

nonsubstituted 158–159

respective 138–139

monomers nematic phase 139

MOSFETs, see metal oxide

semiconductor field-effect

transistors

motions 67, 82, 111, 113, 115,

118

collective 63, 113, 119–120,

122–123, 162, 168, 175

fast 75–76

movements

collective 149, 162, 164, 169,

176, 180, 186–187, 198,

200–201

diffusive 178, 199

molecular 149, 161–162, 165,

198

MRI, see magnetic resonance

imaging

nematic 14–16, 18–19, 21, 30, 44,

120, 137, 142, 146, 173–174,

176–182, 184–185, 187–188,

199–200

cluster phase 156

director 116, 134, 141

discotic phase 25

domain 44, 141, 146, 150

liquid crystals 145

monodomains 149, 151

nematic phases 13, 15–16, 19,

37–38, 43–45, 119–120,

134–135, 137, 140, 175–176,

178, 180, 183–184, 186,

199–200

aligned 141

aligned biaxial 154

chiral 43

discotic 26

side-on dendrimers 37

single 45, 175

nematic sample 143, 145–146

nematic system 20

nervous system 10

nitrogen 85–86, 123

NMR, see nuclear magnetic

resonance

NMR deuterium spectra 153, 155

NMR equipment 102

NMR experiments 63, 65, 75, 104,

152

complementary deuterium 148,

153, 155

NMR observables 78, 81, 89

NMR relaxation 108–109, 182

NMR relaxation study 193, 197

NMR relaxometry 6–7, 44,

160–198, 200

NMR setups 131–132

NMR spectra 75, 136–137, 145,

151

NMR spectroscopy 6, 44, 80,

132–134, 136–138, 140–142,

144, 146, 148, 150, 152, 154,

156, 158, 160

NMR techniques 6, 162

nonaligned sample 141

noninteracting spins 66–69, 82
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nuclear magnetic resonance

(NMR) 4–6, 27, 29, 33, 61–62,

64–66, 70–72, 84–87, 105,

127, 133, 135–137, 141–143,

149–157, 160–161

nuclear magnetization 63, 65, 68,

70, 81, 103, 106, 130

nuclear paramagnetism 63, 65

nuclear spin Hamiltonian 71–78,

86, 97

nuclear spins 5, 62–63, 65, 71,

102, 104–106, 113, 123, 125,

133, 149

nucleus site 71–72, 96

Nu-Nb phase transition 147

octasilsesquioxane 42–43

octopodes 12, 42–43, 182–184,

186–188, 198

ODF, see order director fluctuation

operators 78–79, 91, 96, 99, 101,

108

order director fluctuation (ODF)

119, 121, 175–176, 178, 180,

182, 184, 187, 200

ordered columnar phases 26

ordering, molecular 6, 136, 139,

160

order matrix 89

order parameters 17, 88–89, 95

organosiloxane octopodes

182–184, 188, 198–199

organosiloxane tetrapodes 44,

135, 137–139, 144–145, 148,

153, 155–156, 158–159, 168,

172, 199–201

liquid-crystalline side-on 176,

179, 181

organosiloxane tetrapodes nematic

phase 159

orientation 17–18, 20, 24–25, 69,

87–88, 119, 128, 133–134,

140–142, 144, 149–150, 154

angular 113

common 31, 33, 157

orientational order 13, 16, 22, 63,

87, 134, 144

molecular 24

packing models 44, 166–167, 173,

177, 195

molecular 165, 189–190, 192

PAMAM, see polyamidoamine

PAMAM- and PPI-based

liquid-crystalline

dendrimers 33–38

PAMAM codendrimers 37, 190,

196

PAMAM dendrimers 34, 37, 190,

192, 196, 198, 200

PAMAM dendrimers end-on 36

PAMAM LC codendrimer 199

PAMAM LC dendrimers 35, 189,

191–192, 195

PAMAM liquid-crystalline

codendrimers 197

PAMAM liquid-crystalline

dendrimers 188, 193

parameters 3, 16, 19, 26, 164, 177,

187

fitting 151, 154, 158, 169, 178,

180, 196, 198

part

oscillating 69

secular 72

static 68–69, 107

perpendicular 19, 22, 24, 69, 103,

117, 134, 149, 163, 187

phase frame 88–89

phases 9, 11–14, 16–20, 22–25,

40, 55, 120–122, 134–136,

138–141, 147, 158, 173–175,

178–182, 189–190, 192–193

aligned 163

biaxial 134, 141–142, 147

blue 24
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layered 119

ordered 29

phase sequences 37, 44, 165–166,

172–173, 183, 189

phase structure 6, 119, 171, 176,

179, 181

imbricated 177

particular 201

uniaxial nematic 157

phase transitions 10, 175, 182

isotropic-nematic 147

phase transition temperatures

152

physical parameters 134–135,

153–154, 162, 171

relevant 147, 164–165

physical systems 6, 71–72

picture, classical 128

plane perpendicular 16–17,

25–27, 102–103, 123, 134,

143, 156

planes, layer’s 20

polarization 24, 129–130

polarizing optical microscopy

(POM) 136, 147, 165, 173

polyamidoamine (PAMAM) 4,

33–37, 60, 188–200

polymer chain 29

polypropyleneimine (PPI) 33–35,

37–38, 58, 60

POM, see polarizing optical

microscopy

populations 66, 81–82, 105–107,

194

positional order 20

long-range 20, 22, 25

PPI, see polypropyleneimine

PPI-based LC dendrimers 33

PPI dendrimers 35, 37

PPI LC dendrimers 35

principal axis 134

molecular 16

principal director 134, 140–141,

143–144, 149, 154, 156, 158

principal frame 87, 134–135,

141–142, 146, 149–150

principal values 87

properties 1, 6, 10, 13–14, 31, 34,

47, 55, 58

physical 5–6, 134, 137, 160

proton NMR relaxometry 118,

185, 188

proton pairs 116, 133–134

pulse 62, 70–71, 81–82, 97,

100–103, 106

second 100–101, 128

pulsed nuclear magnetic resonance

81, 83

pulse separation 100

pulse sequence 97, 100, 127–128

solid echo 97, 100

pyramidic 12–13

quadrupolar coupling 72, 109,

141, 151–152

quadrupolar interaction 95, 102,

133–134, 150

quadrupolar splitting 133, 141,

144, 152

quantities 72, 81, 86–88, 97

quantum mechanical analysis 97,

99, 101

radio frequency (RF) 5, 62, 100,

102–103, 105–106, 127, 129

reduced spin Hamiltonian 72, 74

regions 44

relation 59, 88, 91, 98–99, 101,

113, 128, 188, 195, 198, 200

relaxation 99, 102, 105, 116, 118,

178, 192

relaxation models 116, 118, 120,

176, 179, 181, 185, 193, 197

theoretical 167–168, 192, 196

relaxation processes 76, 82, 106
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relaxation rates 107–109, 111,

114–115, 121–122, 125, 162,

164, 166, 168, 175–182, 184,

186, 192, 200

proton spin–lattice 175, 199

spin–spin 114

relaxation times, spin–lattice 63,

68–69, 107

reorientation movements

181–182

reorientations 83, 116–117, 119

reorientation times 143

resonance 69–70, 82–83, 97, 100,

102–104, 129

resonance lines 75–76

RF, see radio frequency

RF field 95, 102–103, 128–129

RF pulses 70, 81–83, 98, 100–101,

103, 106, 128–129

appropriate 82

rotating frame 63, 67, 69, 82,

97–98, 100–101, 111, 114

rotating sample, spectrum of 159

rotational reorientations,

molecular 178

rotations 17, 113, 115–117, 128,

134, 141–144, 149–150,

152–154, 158

continuous 141, 145, 148–149,

154

molecular 115, 175

rotations/reorientations 113, 116,

118–119, 161

local 194, 196, 200

rotation technique 143, 146–147,

149, 152, 155, 157–158

sample 1, 5, 65, 95, 102, 105,

111–113, 129, 141–146,

148–149, 152, 154, 157–158

deuterated 136

powder 146–147, 152

rotated 142–144

sample holder 150

Saupe-order tensor 16–17

schematic representation 2–3,

10–11, 19, 21, 23–26, 30, 46,

50, 56–57, 150, 166

secondary directors 18, 134,

142–145, 154, 156

second-rank tensors 72–73,

134–135

segments, rigid 14, 33, 51, 60, 190

selected NMR pulse sequences 97,

99, 101

selected spin systems 90–91, 93,

95

selection rules 74–75, 94

self-diffusion 118–119, 161, 170,

175, 199

sequence 2–3, 45, 53, 131,

137–138, 144–145, 147, 158,

165, 173, 175, 183, 190

setups 130–131

experimental 127, 131

shape-persistent LC dendrimer

molecules 52

shape-persistent liquid-crystalline

dendrimers 51

shapes 5–6, 12–13, 15, 35, 40, 47,

49, 51, 53–54, 59–60, 102,

146, 190–191

shell, outer 3, 5, 31

side-chain 51, 56, 59

side-chain LC dendrimers 31, 33,

45, 59–60, 164

side-chain liquid-crystalline

dendrimers 31–45

side-on 29–32, 37, 43–45, 164,

186, 200

silicon-containing liquid-

crystalline dendrimers 38

siloxane-based dendrimers 42

siloxane cores, central 170–171

siloxane spacers 165, 173,

183–184
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SmA phases 22, 35–36, 38, 40, 58,

189–191, 195–196, 200

SmC mesophases 182

SmC-NB phase transition 180

SmC phases 21, 38, 43–45,

173–174, 180, 200

smectic chiral phases 22

smectic layers 22, 40, 171

smectic liquid-crystal phases 21

smectic mesophases 200

smectic phases 15, 20–22, 35, 37,

40, 42, 45, 163, 166, 170–171,

190, 197

modulated 23

soft matter systems 76

solids 62, 75, 81

solution 9, 62, 66, 70, 80, 82–83,

98–99, 101, 128–129

space 13, 16, 18

spectra 62, 90, 141, 146, 152, 154,

158

simulated 147–149

spectral densities 110, 112, 114,

116, 118–119, 121–122, 164

spectral lines 86, 95, 97

spectra simulations 146, 151–152,

159

spectrum 95, 97, 142–143, 146,

159

energy absorption 77

spherical harmonics 109, 113

spin angular momentum 62–64

spin Hamiltonian 63, 65, 72,

74–75, 78, 88, 99–100, 107

spin interactions 82–83, 107–109

motions modulate

intermolecular proton 118

spin–lattice 108, 110

spin–lattice relaxation 111–112,

114, 116, 118, 124, 131

spin–lattice relaxation rate 107,

111, 113–115, 119, 175, 177

spin operators 72, 75, 87, 98

spin quantum number 63

spins 63, 65, 67, 69, 71–72, 75–77,

85–86, 91, 95, 98–99, 101,

108–109, 113, 124, 134

identical 110–111, 115

nucleus of 85

spin species 77

nuclear 77

spins subsystems 123

spins systems 124

nuclear 62, 82, 105, 113

spin states 64, 66, 107

spin system 6–7, 63, 65–69, 74,

76–77, 79–82, 97–98, 100,

102, 105–107, 123–124

complicated 76

given nuclear 75

isolated 106

nuclear 105, 107

particular 72

perturbed 6

spin system energy levels 105

SSFLC, see surface-stabilized

ferroelectric liquid crystal

starburst dendrimer growth,

perfect 4

states 10, 64, 66, 75, 77–80, 82,

91, 93–94, 96, 106

spin ground 63–64

statistical mixture of 79

steady 105, 107

structure 1, 3, 30–31, 33, 36, 38,

42, 44, 46, 51, 55, 59, 61–62,

162, 165

columnar 26, 51, 198

complex mesomorphic

self-assembling

supramolecular 51

lamellar 38, 41

sublayers 49, 173, 190

subspace 78, 92–93

substituted monomer 158–159

subsystems 76

supermesogenic octapode 185,

188
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supramolecular 55

supramolecular dendromesogens

51–56

supramolecular LC

dendromesogens 59

supramolecular mesomorphic

structures 51

surface, outer 4

surface-stabilized ferroelectric

liquid crystal (SSFLC) 23

symmetry axes 90

synthesis 2–3, 33, 37

system Hamiltonian 80, 83

system properties 87

systems 11–12, 20, 31, 37–38, 45,

55–60, 69–72, 75–77, 79–80,

89–91, 118–120, 123–125,

131, 133–134, 162–166

acquisition 128

codendrimer 191

computer 102

interacting 90

isotropic 88, 162

material 131

mechanical 71

molecular 118

ordered 113

particle 95

particular 165

real 67

Tas 146–147, 172–173, 175,

177–178, 180–182, 188

nematic phases of 140, 175

tetrapode 175, 180, 183–184

Tas dendrimer 140

technique 61–62, 127–128, 137,

143–145, 154, 156, 172

continuous-rotation 147, 153,

155, 158

temperatures 11, 14, 76, 79,

105–106, 115, 152–157, 164,

166, 168–169, 175, 177–178,

181–185, 191–193, 196–197

lower 43, 45, 152, 156, 173, 180

smectic-nematic phase

transition 175

tensor 16, 73, 87–88, 134, 137,

142

tensorial quantity 88, 135

terminal dipoles 165

strong 22, 44, 165, 200

terminal groups 3–4, 32, 34–35,

39, 125, 157, 168

terms 19–20, 68–69, 71–73,

75–76, 79, 83, 86–87, 89,

116–118, 120–121, 131,

176–178, 180, 184, 186

cross-relaxation 194, 197

first 68

tetrapode arms 140, 160

tetrapodes 12, 44, 137, 139–140,

158, 160, 172–175, 178,

180–182, 199

siloxane 44

tetrapodes nematic phase 140

tetrapodes phases 199

TGB, see twisted grain boundary

theory 6–7, 85, 105, 107, 156

first-order perturbation 72–73,

76, 86

time-dependent perturbation

75, 107

thermodynamic equilibrium

79–82

thermotropic LC systems 135

thermotropic liquid crystals 9, 11,

14–15, 17, 19, 21, 23, 25, 27

thermotropics 9, 11, 14–15, 58,

135

tilting direction 22, 24, 49

time 63, 66, 68, 79–84, 88–89,

98–99, 102–103, 113, 121,

128–129, 144, 149–150

average 86–89

constant T2 68, 70
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evolution 63, 71, 78–80, 82,

97–98, 104

intervals 70, 83–84, 100–101,

129

rate 68

timescales, characteristic

161–162

trace 73, 79–80, 87

transition probabilities 74–75, 95,

107

transitions 9, 14, 26, 42, 64, 66,

68, 77, 94–96, 107, 130,

132

translational diffusion 119

transverse 25, 81–82, 108, 111,

157

components 68–69, 106, 131

transverse magnetization 81, 99,

101–102

complex 97, 99

transverse section 26

twist 19, 120

twisted grain boundary (TGB) 24

uniaxial nematic phase 16, 18,

134, 152, 158

units 51, 53, 56, 58, 66, 77, 107,

184

dendritic cores and

mesogenic 41, 45

phenylene 47

variants 1, 16, 22, 24

vertices 42, 182–184

viscosity 118, 120, 143, 165

effective 121–122, 164, 177,

186

water 10–11

wave functions 64, 79

system’s 78

weight 137, 147–148, 157

worthwhile 157, 169, 171, 181

X-ray diffraction (XRD) 171, 190

XRD, see X-ray diffraction

Zeeman effect 5

Zeeman field 102, 128–129

Zeeman Hamiltonian 64, 95, 109

Zeeman interaction 71, 76

Zeeman level 133

Zeeman magnetic field 102, 128
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Dendrimers are hyperbranched molecules with well-defined nanometer-scale 
dimensions. Important technological applications of dendrimers, in both 
biomedicine and materials science, have been recently proposed. Liquid crystal 
dendrimers are fascinating materials that combine the characteristics of dendrimers 
with the anisotropic physical behavior and molecular self-organization typical of 
liquid crystals. This unique association of physical and chemical properties, together 
with the possibility of multiselective functionalization provided by dendrimers, 
offers new perspectives for applications. Nuclear magnetic resonance (NMR) is a 
powerful experimental technique applied in materials science and is an important 
tool for studying molecular organization and dynamics. 

This book introduces the properties of dendrimers, with special insight into liquid 
crystal dendrimers, and a detailed description of NMR theory and experimental 
techniques used in the investigation of these materials. It also discusses results of 
recent NMR research on liquid crystal dendrimers, with an emphasis on molecular 
order and dynamics studies. Advanced undergraduate and graduate students 
of physics, chemistry, and materials science and researchers in the fields of 
dendrimers, liquid crystals, and NMR will find the book extremely useful. 

Carlos R. Cruz received his PhD in physics from the Technical 
University of Lisbon, Portugal, in 1994. He is a senior lecturer at 
Instituto Superior Técnico (IST), Lisbon, and coordinator of the 
Complex Fluids NMR and Surfaces Group, Center of Physics and 
Engineering of Advanced Materials (CeFEMA), University of Lisbon. 
His research work focuses on liquid crystal experimental physics,  
with an emphasis on NMR and X-ray diffraction studies. In recent 
years, he has been the Portuguese team leader of two European 
projects on liquid crystal dendrimers.

João L. Figueirinhas received his PhD in physics from Kent State 
University, Ohio, USA, in 1987. He is currently a senior lecturer at IST 
and a researcher at CeFEMA. His main research interests focus on 
NMR spectroscopy and electro-optics of anisotropic fluids, including 
liquid crystals, polymer liquid crystals, and their composites. He has 
coauthored more than 70 research articles on these subjects.

Pedro J. Sebastião received his PhD in physics from the Technical 
University of Lisbon in 1993. He is an associate professor of physics 
at IST and a researcher at CeFEMA. His current research interests 
include the NMR study of molecular dynamics in liquid crystals, 
ionic liquids, and other soft-matter systems; the development of 
new fast-field-cycling NMR technology; and model-fitting software.
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