The Supramolecular Chemistry of Organic-Inorganic Hybrid Materials, Eds. K. Rurack, R. Martínez-Máñez, J. Wiley & Sons, Inc.

Captions for Color Figures on FTP Site

Chapter 3:

Figure 3.1: Synoptic scheme of the history of the development of silica-based organic-inorganic hybrid and related classes of materials (PSD = pore size distribution, TEOS = tetraethoxysilane).

Figure 3.2: The three main reaction steps occurring in the sol-gel process of alkoxysilanes, (1) hydrolysis of an alkoxy group resulting in a silanol group and the respective alcohol; (2a) condensation of two silanol-bearing species; (2b) mixed condensation of a silanol group and an alkoxy group-bearing species.

Figure 3.3: Idealized models of mesostructured M41S materials: (a) MCM-41 (2D hexagonal, space group p6mm), (b) MCM-48 (cubic, space group Ia-3d), and (c) MCM-50 (lamellar, space group p2).

Figure 3.4: Formation of mesoporous materials by structure-directing agents: (a) true liquid-crystal template mechanism, (b) cooperative liquid-crystal template mechanism.

Figure 3.5: General chemical composition of triblock copolymers with hydrophilic PPO and hydrophobic PEO parts (top), giving rise to micelles with a corona of PEO blocks (middle), leading to composites / mesoporous materials in which the mesopores are connected via micropores (bottom).

Figure 3.7: Grafting (post-synthetic functionalization) for organic modification of mesoporous pure silica phases with terminal organotrialkoxysilanes of the type (R’O)3SiR. R = organic functional group.

Figure 3.8: Illustration of the pore-blocking effect caused by bulky grafting species reacting preferentially at the pore openings and thus giving rise to a non-homogenous distribution of the organic components within the channel system.

Figure 3.9: Co-condensation method (direct synthesis) employing TEOS and a terminal organotrialkoxysilane (top) or TEOS and an organo-bridged silsesquioxane (bottom) as mixed precursors for the organic modification of mesoporous pure silica phases. R = organic functional group.

Figure 3.10: General synthesis pathway to PMOs that are constructed from bis-silylated organic bridging units. R = organic bridge.

Figure 3.11: Overview of the chemical structures of organosilica precursors that have been converted into PMOs. Terminal Si atoms: Si = Si(OR)3 with R = Me, Et, or iso-Prop.

Figure 3.12: Examples of building blocks of organic-inorganic hybrid materials along with their names according to a rational nomenclature system which is already applied in the field of silicone research.

Figure 3.13: Two step grafting process in order to construct a sensor for the detection of volatile organic compounds based on the well-known solvatochromic fluorescent phenoxazinone dyes. Hydrophobizing of the surface of MCM-41 with silazanes leads to a better performance of this sensor.

Figure 3.14: FRET system within the pores of an FSM silica phase; the energy transfer is initiated by irradiation with light and takes place from the FRET donor (Zn2+ as central ion) to the FRET acceptor (Cu2+ as central ion).

Figure 3.15: Selected organic functionalities anchored by co-condensation on the pore surface of silica phases (see text for details).

Figure 3.16: Possible transformations of iodopropyl groups integrated into mesoporous silica phases via the co-condensation method.

Figure 3.17: Chemical structure of N,N’-bis-(4’-(3-triethoxysilylpropylureido)phenyl)-1,4-quinonene-diimine.

Figure 3.19: Schematic illustration of the synthetic pathway to benzene sulfonic acid PMOs; the first step involves a Diels-Alder reaction of the ethylene bridges with benzocyclobutene; in the second step the benzene moieties were sulfonated.

Figure 3.20: Schematic synthesis pathway of PMOs with a crystal-like arrangement of the bridging organic units R in the pore walls. This representation is idealized: the bridges can be slightly tilted or twisted with respect to each other.

Figure 3.22: Starting from the bis-silylated 5-bromobenzene precursor which can be easily converted to the respective vinyl (right) and benzoic acid derivative (left) a series of four new PMOs, called UKON materials, are accessible. The fourth is prepared via a post-synthetic conversion of 5-bromo​benzene-bridged PMO in the solid state.

Figure 3.24: A bifunctional PMO material that consists of two different organic bridging groups and whose content is freely adjustable (thiophene dark blue, benzene: light blue), assuming that they are completely homogeneously distributed within the pore walls.

Figure 3.25: Chemical structure of N,N′-bis(4-tert-butylphenyl)-N,N′-bis(4-((E)-2-(triethoxysilyl)​vinyl)phenyl)biphenyl-4,4′-diamine (BBDA).

Figure 3.26: Formation of homo- and hetero-organo-functionalized clusters (a sort of secondary building units) and the resulting bifunctional PMOs prepared using joint and separate pre-hydrolysis protocols.

Figure 3.27: Schematic drawing of a structural model of individual particles of chiral mesoporous silicas with an outer helix-like morphology (left), showing three channels inside these particles, which are running along the long axis of the particle and are twisted around each other, and, (right) the respective cross-section.

Figure 3.28: Visual demonstration of the fact that the handedness of individual molecules does not determine the handedness of the collective structure, assuming only steric interactions between these chiral entities. The ensemble produce a net relative rotation of their long axes, if the protrusions on one molecule (the shaded regions) are forced to fit ‘‘hand in glove’’ into the grooves on another (the unshaded regions). The result is that the long axes of the two molecules acquire a relative twist determined by the pitch of the stripes: (top) the molecules exhibit a tight right-handed pitch, and the ensemble shows a right-handed twist, too; (bottom) the pitch of an ensemble of two molecules, both exhibiting a weak right-handed pitch, is now left handed.

Figure 3.29: Synthesis of a PMO derivative with the use of a siloxane-based oligomer that consists of an alkylsilane nucleus (white) and three branching trimethyoxysilyl groups (light blue) This precursor acts simultaneously both as organosilica source and surfactant. The alkyl chain length (n) determined the phase of the composite, for n = 10 a 2D hexagonal phase is formed; for n = 16, a lamellar phase is obtained. This approach can also be employed as co-condensation reaction together with TMOS.
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Figure 4.9: Schematic representation of a solid-phase approach for the synthesis of monofunctional AuNPs.205
Figure 4.12: A schematic illustration of the two-step protocol used to conjugate antibodies to the surface of a gold nanocage. In the first step, succinimidyl propionyl poly(ethylene glycol) disulfide (NHS-activated PEG, M.W. = 1,109) was reacted with the primary amine of an antibody. In the second step, the PEG-antibody complex was bonded to the gold nanocage (as represented by a TEM image) by breaking its internal disulfide bond and forming a Au-S linkage.262 (Reprinted with permission from J. Chen et al., NanoLett. 2005, 5, 473–477. Copyright 2005 American Chemical Society.)
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Figure 5.2: Fluorescence in a bulk semiconductor.

Figure 5.10: a) UV-vis absorption; b) photoluminescence spectra of 3,4-ethylenedioxythiophene- (EDOT) coated CdSe nanorods as a function of the quantity of poly(2-methoxy-5-(2’-ethyl-hexyloxy)-1,4-phenylene-vinylene) (MDMO-PPV) added (solvent: CHCl3).151 (Reprinted with permission from D. Aldakov et al., Eur. Phys. J. Appl. Phys. 2006, 36, 261–265. Copyright the European Physical Journal.)

Scheme 5.1: Electronic energy levels of selected III-V and II-VI semiconductors using the valence band offsets from ref. 32 (VB: valence band, CB: conduction band). 

Scheme 5.2: Schematic representation of the different strategies developed to produce hybrid materials composed of semiconductor NCs and conjugated oligomers/polymers.

Scheme 5.3: Carbodithioate-functionalized poly(octylthiophene) (left) and its hybrid with 3 nm CdSe nanocrystals (middle). Idealized double-cable structure allowing for efficient electron (e–) and hole (h+) transport (right).112 (Reprinted with permission from C. Querner et al., Chem. Mater. 2006, 18, 4817–4826. Copyright 2006 American Chemical Society.)

Scheme 5.4. Preparation of an organic-inorganic hybrid by grafting of aniline-terminated tetrathiophene, T4, onto 4-formyldithiobenzoate-capped CdSe NCs.128
Scheme 5.5. Synthesis of DOPO-Br capped CdSe NCs and subsequent polymerization of PPV from the NCs’surface.132 (Reprinted with permission from H. Skaff et al., J. Am. Chem. Soc. 2004, 126, 11322–11325. Copyright 2004 American Chemical Society.)
Scheme 5.8: Energy level alignement of bulk heterojunction components (conjugated polymer and semiconductor nanocrystals) facilitating the dissociation of excitons and charge separation. Left panel: Case describing excitons formed in the nanocrystal phase; Right panel: case describing excitons formed in the polymer phase. 

Scheme 5.9: Scheme of a hybrid photovoltaic cell with an active layer consisting of a composite of a conjugated polymer and semiconductor nanocrystals (so-called bulk heterojunction).
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Figure 6.1: (a) A scheme on the formation of immunomagnetic MWNTs and their interaction with E. coli cells; (b) a high magnification TEM image of the magnetic-MWNT-BSA sample; (c) SEM images of the immunomagnetic separation sample showing E. coli cells bound with immunomagnetic MWNT species.32 (Reprinted with permission from Y. Lin et al., J. Nanosci. Nanotechnol. 2006, 6, 868–871. Copyright 2006 American Scientific Publishers.) 
Figure 6.2: The Ca2+-mediated aggregation of anthrax spores with sugar functionalized SWNTs: (a) a schematic illustration; (b) SEM image (scale bar = 500 nm); and (c) optical image (scale bar = 20 µm).11 (Reprinted with permission from H. Wang et al., J. Am. Chem. Soc. 2006, 128, 13364–13365. Copyright 2006 American Chemical Society.)

Figure 6.3: (Top) The chemical structures of schizophyllan, curdlan, and a representative model of schizophyllan triple helix. (a) TEM image of as-grown-SWNT/s-SPG composite, and (b,c) its magnified picture. (d) The original image of (c) was Fourier filtered to enhance the contrast of the composite.41 (Reprinted with permission from M. Numata et al., J. Am. Chem. Soc. 2005, 127, 5875–5884. Copyright 2005 American Chemical Society.)
Figure 6.5: Experimental layout and results of a typical biosensing experiment. (a) Atomic force microscopy topology image of a SWNT between Cr/Au contacts on an insulating SiO2 substrate. (b) Measurement setup, where a source-drain bias potential is applied and the device is gated through an Ag/AgCl reference electrode inserted in the electrolyte. The electrolyte is contained in a home-built flow cell (not depicted). (c) Band diagram for a hole-doped SWNT showing electron conduction through thermally activated carriers into conductance band and hole conduction through tunneling through the Schottky barrier. EF is the Fermi energy. EC and EV are the energies of SWNT conductance and valence band edges respectively. The liquid gate potential changes the doping level in the bulk of the SWNT as indicated by the red double arrows. (d) Results of a typical biosensing experiment. Current versus liquid gate potential curves acquired before (black line) and after (red line) adsorption of 1 μM HHCC in PB buffer (Vsd = 10 mV). The inset shows the real-time drop in conductance when HHCC is flushed over the device, while the gate potential is held constant at -50 mV vs Ag/AgCl, (as indicated by the blue dashed line).74 (Reprinted with permission from I. Heller et al., Nano Lett. 2008, 8, 591–595. Copyright 2008 American Chemical Society.)

Figure 6.10: (Top) SWNT emission spectra in an aqueous pluronic F108 suspension (blue trace) and in macrophage cells incubated in SWNT suspension and then washed (red trace). Samples were excited at 660 nm. Intensities have been scaled to aid comparison. (Bottom) Fluorescence image of one macrophage-like cell incubated with SWNTs, showing emission detected from 1125 to 1600 nm with excitation at 660 nm. Intensities are coded with false color, and the image was obtained from a z-axis series by deconvolution processing. Intensity along the yellow vertical line is plotted on the graph to the right, showing high image contrast and localized emission sources.98 (Reprinted with permission from P.Cherukuri et al., J. Am. Chem. Soc. 2004, 126, 15638–15639. Copyright 2004 American Chemical Society.)
Figure 6.12: Effect of the fiber on diaphragms after 7 days. (a) TEM images of the test samples. NTtang2: low-aspect-ratio tangled MWNT aggregates; LFA: long-fibre amosite; NTlong1: MWNTs with a substantial portion longer than 20 μm. Female C57Bl/6 mice were injected i.p. with 50 μg of sample, killed after 7 days, and the diaphragms excised and prepared for visualization. (b) SEM images and (c) haematoxylin and eosin histology sections (n = 3) of the diaphragms show the presence of granulamatous inflammation (GI) in mice exposed to LFA, NTlong1. A small granuloma response in one of the three mice treated with NTtang2 was observed. The muscular portion of the peritoneal diaphragm (PD) and the mesothelial layer (ML) are aligned to show granulomatous inflammation at the peritoneal aspect of the diaphragm surface. Scale bars in (b): 200 μm. Scale bars in (c): 50 μm.122 (Reprinted with permission from C. A. Poland et al., Nature Nanotechnol. 2008, 3, 423–428. Copyright 2008 Macmillan Publishers Ltd.)
Figure 6.14: (Top) A scheme of [111In]DTPA-MWNT and normal rat distribution of [111In]DTPA-MWNT. (a) Dynamic anterior planar images of whole body distribution of [111In]DTPA-MWNT within 5 min after intravenous administration in rats. Color scale for radioactivity levels shown in arbitrary units. (b) Static anterior planar images of whole body distribution of [111In]DTPA-MWNT in rats after 5 min, 30 min, 6 h, and 24 h post-injection (difference between (a), 0 to 299 s image and (b), 5 min image is due to lag-time in camera setup). (c) Percent ID radioactivity per gram tissue at 24 h after intravenous administration of [111In]DTPA-MWNT quantified by gamma counting (n = 3 and error bars for standard deviation).104 (Reprinted with permission from L. Lacerda et al., Adv. Mater. 2008, 20, 225–230. CopyrightWiley-VCH Verlag GmbH & Co. EgaA.)
Scheme 6.3: Non-covalent biofunctionalized carbon nanotubes. (From References 21, 41, and 53. Reprint with permission.)
Scheme 6.4: Schematic illustration of addressable biomolecular functionalization of carbon nanotubes.51 (Reprinted with permission from C.-S. Lee et al., Nano Lett. 2004, 4, 1713-1716. Copyright 2004 American Chemical Society.)
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Figure 7.2: A schematic representation of a modular synthesis.54 (Reprinted in part with permission from M. Kawano et al., J. Am. Chem. Soc. 2007, 129, 15418-15419.Copyright 2007 American Chemical Society.)
Figure 7.3: Single-crystal X-ray structures of IRMOF-n (n = 1–8, 10, 12, 14, and 16). All the hydrogen atoms have been omitted, and only one orientation of the disordered atoms is shown for clarity.74 (Reprinted with permission from M. Eddaoudi et al., Science 2002, 295, 469-472. Copyright AAAS.)
Figure 7.4: Contrivances for flexible PCPs categorized with structural dimensionalities.109 (Reprinted with permission from S. Kitagawa and K. Uemura, Chem. Soc. Rev. 2005, 34, 109-119. Copyright the Royal Society of Chemistry.)
Figure 7.5: Packing of two-dimensional layers in (left) {[Ni(NO3)2(bpbp)2]·4(o-xylene)}n and (right) {[Ni(NO3)2(bpbp)2]·1.7mesitylene}n. Guest molecules are omitted for clarity.112 (Reprinted with permission from K. Biradha et al. Angew. Chem., Int. Ed. 2002, 41, 3395-3398. Copyright Wiley-VCH Verlag GmbH & Co. KGaA.)
Figure 7.7: Three-dimensional porous framework of {[Mn(DMF)6]3[Mn12Cl3(btt)8(H2O)12]2·42DMF·11H2O·20MeOH}n. Guest molecules are omitted for clarity.147 (Reprinted in part with permission from M. Dincă et al. J. Am. Chem. Soc. 2006, 128, 16876-16883. Copyright 2006 American Chemical Society.)
Figure 7.8: (a) Coordination environment of ZnII ion of {[Zn((4-TCNQ–TCNQ)(4,4(-bpy)]·1.5benzene}n. (b) TCNQ dimer connected to four one-dimensional chains of ZnII and 4,4(-bpy. (c) Benzene arranged in the cage of the undulating channel. The hydrogen atoms are omitted for clarity.155 (Reprinted in part with permission from S. Shimomura et al. J. Am. Chem. Soc. 2007, 129, 10990-10991. Copyright 2007 American Chemical Society.)
Figure 7.9: Encapsulation and polymerization of p-DVBs in the channels of [M2(1,4-bdc)2(dabco)]n.160 (Reprinted with permission from T. Uemura et al. Angew. Chem., Int. Ed. 2007, 46, 4987-4990. Copyright Wiley-VCH Verlag GmbH & Co. KGaA.)
Figure 7.10: (Left) ORTEP (Oak Ridge thermal ellipsoid plot) of coordination circumstance around the CuII center and (right) two-dimensional honeycomb framework in {[Cu3(ptmtc)2(py)6(H2O)(EtOH)2]·6H2O·11EtOH}n. The CuII ions, depicted in large spheres, are located in the middle of hexagon sides. Guest molecules are omitted for clarity.168 (Reprinted with permission from D. Maspoch et al. Nature Mater. 2003, 2, 190-195. Copyright 2003 Macmillan Publishers.). 
Figure 7.11: The reversible structural transformation associated with EtOH adsorption/desorption in the PCP, {[Fe2(NCS)2(azpy)4]·EtOH}n.178 (Reprint with permission from G. J. Halder et al. Science 2002, 298, 1762-1765. Copyright AAAS.)
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Figure 8.3: Procedure for MPC assembling at an Au electrode surface, similar to layer-by-layer deposition, by the chelating interactions between divalent (transition) metal ions and pyridine moieties.14 (Reprinted with permission from S. Chen et al. J. Phys. Chem. B 2002, 106, 1903-1908. Copyright 2002, American Chemical Society.)
Figure 8.5: Schematic illustration of a supramolecular assembly consisting of a ferrocene (FC) monolayer-modified ITO electrode functionalized with -cyclodextrin (-CD) capped AuNPs.25 (Reprinted with permission from F. Zuo et al. Electroanalysis 2008, 20, 894-899. Copyright Wiley-VCH Verlag GmbH & Co. KGaA.)
Figure 8.9: DPV of phenylethanethiolate protected Au MPCs (black), and mixed protected Au MPCs with phenylethanethiolate and Aib peptides modified by ligand exchange (red) showing significant shift in redox potentials due to Aib peptide induced shift in particle dipole moment.42 (Reprinted with permission from A. H. Holm et al. Langmuir 2006, 22, 10584-10589. Copyright 2006 American Chemical Society.)
Figure 8.10: Scheme depicting the preparation of Au/Pd modified antibodies with mono-N hydroxysuccinimide 1.4 nm AuNPs which covalently attached to anti-mouse TNF- antibody. This is followed by electroless deposition of Pd onto the AuNP seeds.45 (Reprinted with permission from R. Polsky et al. Chem. Commun. 2007, 2741-2743. Copyright the Royal Society of Chemistry.)
Figure 8.11: Electrical coupling of AuNP-reconstituted glucose oxidase to a Au electrode by: (a) adsorption of AuNP-reconstituted glucose oxidase to a dithiol monolayer-modified Au electrode; (b) adsorption of AuNPs functionalized with FAD on the dithiol-modified gold electrode followed by reconstitution of apo-glucose oxidase onto the functional AuNPs. Also shown are the structures for the FAD-modified AuNP and various spacer molecules used.52 (Reprinted with permission from Y. Xiao et al. Science 2003, 299, 1877-1881. Copyright AAAS.)
Figure 8.13: Schematic diagram illustrating assembly of the biosensor with Protein A- and IgG-modified latex beads via dielectrophoresis in the micrometer-sized gaps between planar electrodes. AuNP-conjugated anti-IgG antibodies bind to the IgG modified Latex spheres facilitating Ag deposition and electron conduction, as shown in the SEM micrograph  (a). A negative control sample showing minimal Ag deposition is shown in SEM micrograph (b).58 (Adapted with permission from O. D. Velev and E. W. Kaler, Langmuir 1999, 15, 3693-3698. Copyright 1999 American Chemical Society.)
Figure 8.14: Scheme depicting the analytical procedure for biodetection based on catalytic H2O2 reduction at PtNPs: (a) Detection probe modified PtNPs for DNA detection; (b) thrombin aptamer DNA sequence modified PtNPs for thrombin protein detection.69 (Reprinted with permission from R. Polsky et al. Anal. Chem. 2006, 78, 2268-2271. Copyright 2006 American Chemical Society.)
Figure 8.15: Schematic illustration of amplified DNA detection employing probe DNA modified magnetic beads. (a) Treatment of probe with target DNA modified with streptavidin-conjugated polystyrene beads loaded with biotinlyated AuNPs followed by (b) Au precipitation onto AuNP seeds, (c) dissolution of the Au and (d) detection via electrochemical stripping.71 (Adapted with permission from A.-N. Kawde and J. Wang, Electroanalysis 2004, 16, 101-107. Copyright Wiley-VCH Verlag GmbH & Co. KGaA.)
Figure 8.16: Schematic representation of (a) the preparation of the immunosensing layer and (b) the electrochemical-chemical catalytic cycle amplified detection of mouse IgG or prostate specific antigen (PSA).75 (Reprinted with permission from J. Das et al. J. Am. Chem. Soc. 2006, 128, 16022-16023. Copyright 2006, American Chemical Society.)
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Figure 9.3: (a) Assembly of Au NPs on SPR gold film and the biocatalytic Ag atom growth in the presence of ascorbic acid. (b) SPR reflectance intensity and minimum reflectivity angle curves resulting from the biocatalytic deposition of Ag atom in the presence of different concentrations of ascorbic acid as indicated. Insert: A calibration curve to convert the change of reflectivity at the minimum of SPR spectrum to different ascorbic acid concentrations.59 (Reprinted with permission from J. Wang et al. Electrochem. Commun. 2007, 9, 343-347. Copyright 2007 Elsevier.)
Figure 9.6: Polarization curves for the ORR on Pd/C (ETEK, black a), Pt/C (ETEK, line b), and Pd3Fe/C NPs (line c) in 0.1 M HClO4. Sweep rate: 10 mV s–1; room temperature. The Pd or Pt loading is 10 µg cm–2. Inset: Comparison of mass activity for Pt/C (ETEK), Pd3Fe/C, and Pd2Co/C at 0.8 and 0.85 V.111 (Reprinted with permission from M. Shao et al. J. Am. Chem. Soc. 2006, 128, 3526-3527. Copyright 2006 American Chemical Society.)
Figure 9.8: Scheme illustrating (a) the formation of Ru-AuNPs in aqueous medium due to electrostatic interactions between Ru(bpy)32+ and citrate-capped AuNPs and (b) the immobilization of Ru-AuNPs on a sulfhydryl-derivated ITO electrode surface.143 (Reprinted with permission from X. Sun et al. Anal. Chem. 2005, 77, 8166-8169. Copyright 2005 American Chemical Society.)
Figure 9.10: Schematic diagram for the biosensor fabrication and LDL binding.163 (Reprinted with permission from G. Jie et al. Anal. Chem. 2007, 79, 5574-5581. Copyright 2007 American Chemical Society.)
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Figure 10.2: Simulated and normalized experimental LSPR spectra from different Au nanostructures. (a, d) Au nanospheres with varying diameters; (b, e) Au nanorods with varying aspect ratio; (c, f) nanospheres loaded onto thin glass films with varying surface coverages.8 Horizontal and vertical arrows correspond to the progressions in LSPR with increasing size or aspect ratio. (Reprinted with permission from L. M. Liz-Marzán, Langmuir 2006, 22, 32-41. Copyright 2006 American Chemical Society.)
Figure 10.7: Calculated spectra of extinction, absorption and scattering efficiencies for different sized Au nanoparticles: (a) d = 20 nm, (b) d = 40 nm, (c) d = 80 nm. (d) Nonresonant (polystyrene) particles, d = 300 nm.128 Qext, Qabs, and Qsca are represented as green solid, red dashed, and black dotted lines, respectively. (Reprinted with permission from P. K. Jain et al. J. Phys. Chem. B 2006, 110, 7238-7248. Copyright 2006 American Chemical Society.)
Figure 10.10: (a) TPL image of Au nanorods dispersed on a glass cover slip, with random orientations. (b, c) Polarization-dependent TPL signals from single Au nanorods [spots 1 and 2 in (a)], illustrating the cos4 relationship between the nanorod axis and incident polarization. (d) Au nanorods (marked with white arrows) detected in vivo, passing through a mouse ear blood vessel (outlined for clarity).217 (Reprinted with permission from H. Wang et al. Proc. Natl. Acad. Sci. USA 2005, 102, 15752-15756. Copyright 2005 National Academy of Sciences, U.S.A.)
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Figure 11.9: Schematic representation of the SiO2 nanoparticles prepared by Greenway and coworkers 64 for the detection of lipid peroxidation; 15 nm SiO2 nanoparticles covalently coated with the coumarin dye are embedded in a 100 nm silica protecting shell. 

Figure 11.10: Examples of collective effects in silica nanoparticles. (a) FRET processes from the inner neutral to the protonated NVP dye on the surface amplify the emitted signal; (b) the complexation of a single Cu2+ ion (blue circle) quenches the emission of several (up to 13) dansylamide dyes located in the surrounding leading to improved sensitivity.69,70

Figure 11.11: Drawing of the MagMOONs developed by Kopelman. (a) In a rotating magnetic field MagMOONs appear to blink as they rotate through the phases of the moon; (b) fluorescence emission during the rotation; (c) schematic illustration of the preparation of aluminium capped MagMOONs.71,72 (Reprinted with permission from J. N. Anker et al. J. Magn. Magn Mater. 2005, 293, 655-662; and T. G. Roberts et al. J. Magn. Magn. Mater. 2005, 293, 715-724. Copyright 2005 Elsevier.)
Figure 11.14: Working scheme of Cu2+ sensor self-organized on silica nanoparticles.79 (Reprinted with permission from E. Brasola et al. Chem. Commun. 2003, 3026-3027. Copyright the Royal Society of Chemistry.)
Figure 11.15: Working scheme of silica nanoparticle-based sensor for organic carboxylates. The nanoparticle surface is functionalized with anion binding sites (thiourea, blue) and signaling units (merocyanine, red). Addition of lipophilic carboxylates (yellow) results in the coordination to the binding sites and causes a change in polarity of the environment around the signaling group, inducing cyclization to the spirocyclic form and a color modulation from pink-red to pale yellow.81 (Reprinted with permission from P. Calero et al. Chem. Commun., 2008, 1668-1670. Copyright the Royal Society of Chemistry.)
Figure 11.16: Multishell silica nanoparticle for ratiometric fluorescence sensing of Pb2+ ions. (a) Schematic working scheme of the sensor: binding of the Pb2+ ions to the thiol groups present on the surface causes the quenching of the emission of the dansylamide dyes (orange, grey when quenched) in the outer shell but not of the methoxynaphthalene dyes in the core (pink). (b) TEM micrograph of the particles (inset) and ratiometric behavior of the fluorescence emission at different Pb2+ concentrations.83 (Reprinted with permission from M. Arduini et al. Langmuir, 2007, 23, 8632-8636. Copyright 2007 American Chemical Society.)
Figure 11.18: Schematic representation of the synthesis and working scheme of Lin’s fluorescence sensor system for the detection of amine-containing neurotransmitters. EHTES: 5,6-epoxyhexyltriethoxysilane, (—— CTAB surfactant.85 (Reprinted with permission from D. R. Radu et al. J. Am. Chem. Soc., 2004, 126, 1640-1641. Copyright 2004 American Chemical Society.)
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Figure 12.2: Effect of the addition of 0.65 mg L–1 cyanide on the luminescence emission spectra of surface-modified CdSe QDs.

Figure 12.4: Polymer coating and QD-antibody bioconjugation scheme.

Figure 12.5: Sugar-sensing nanoassembly based on a FRET process. (Adapted from Reference 85.) 

Figure 12.6: FRET strategies for analyte-mediated distance changes. (1) Analyte displaces fluorescent ligand. (2) Analyte cleaves donor-acceptor linkage. (3) Analyte mediates donor-acceptor binding. (4) Analyte changes the conformation of acceptor-donor linkage

Figure 12.7: Scheme for the synthesis of CdSe/ZnS incorporated MIP. (Adapted from Reference 114.)
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Figure 13.1: The preparation of surfaces with spaced single functional groups and (re)attachment of entities to these functional groups via specific interactions.

Figure 13.2: Layer-by-layer (LbL) assembly of oppositely charged polyelectrolyte films via electrostatic interactions.10
Figure 13:3: The LbL assembly of negatively charged CdS and TiO2 nanoparticles, and positively charged polyelectrolytes to form nanoparticle-composite films .26
Figure 13.4: The construction of multilayered nanomaterials from LbL assembly of Au nanoparticles and dithiol ligands.41
Figure 13.5: LbL assembly of bishydroxamate-functionalized Au nanoparticles onto the bishydroxamate disulfide SAMs by Zr4+ as binding ions. Controlled spacing of nanoparticle layer was achieved using multilayer of branched hexahydroxamate ligands.15
Figure 13.6: The adsorption of multivalent guest-functionalized dendrimers onto a CD SAM and the subsequent assembly of complementary CD-functionalized nanoparticles.

Figure 13.7: The adsorption and desorption of CD-functionalized nanoparticles onto and from a CD SAM with ferrocenyl dendrimers as a reversible supramolecular glue.
Figure 13.8: The assembly of multicomponent nanostructures by using complementary guest- and host-functionalized nanoparticles (a). The nanoparticle assembly from small to large (b) and large to small nanoparticles (c) by supramolecular interactions.

Figure 13.9: The assembly of oligonucleotide-functionalized Au nanoparticles on an Au surface via DNA hybridization and signal enhancement by reduction of silver ions on the nanoparticles for DNA array detection.16
Figure 13.10: Reaction scheme for the stepwise preparation of multicomponent particle arrays by photolithography.72 Chemically patterned amino-functionalized surfaces were formed by selectively exposing the NVOC substrate by UV exposure. Multicomponent amino-functionalized nanocrystals were subsequently adsorbed via ligand exchange. 

Figure 13.11: The patterning of nanoparticle crystals by combination of photolithography and surface wettability.75 A concentrated nanoparticle solution slowly evaporated in the gaps between the patterned substrate and a glass substrate. When the structure was peeled off, patterned nanoparticle crystals on both surfaces were formed. 
Figure 13.12: The preparation of spherically shaped nanoparticle crystals. A chemically patterned SAM with attached droplets of a SiO2 nanoparticle solution was immersed in decalin. The interfacing between two solutions and shrinkage of the particle droplets resulted in rearrangement of the nanoparticles to form close-packed spherical particle assemblies. 

Figure 13.13: The CP of Pd nanoparticles on an amino-functionalized substrate and the subsequent electroless deposition of copper.80
Figure 13.14: The use of convective assembly to control the arrangement of nanoparticles on a patterned PDMS stamp and the subsequent printing of the nanoparticles onto a substrate with single-particle resolution.87
Figure 13.15: The preparation of a multilayered supramolecular nanostructure of Au nanoparticles and dendrimers on PDMS via supramolecular LbL assembly and transfer printing onto a CD SAM.

Figure 13.16: Chemical patterning by CP, LbL assembly of polyelectrolytes, and nanoparticle assembly by electrostatic interactions.28
Figure 13.17: Schematic description of the NIL process to form chemical or topographically patterned SAMs. The nanoparticles were subsequently attached specifically onto the SAM by electrostatic interactions. 

Figure 13.18: The formation of chemically patterned substrates by DPN, passivation of the unpatterned surface and subsequent attachment of nanoparticles via electrostatic interactions.

Figure 13.19: The template-directed self-assembly of Au clusters on silicon substrate patterned by constructive nanolithography.
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Figure 15.2: Preparative route to smart microfluidic chips and illustration of the electrically controlled adsorption/release of avidin and streptavidin.5 (Reprint with permission from L. Mu et al. Chem. Eur. J. 2007, 13, 5113-5120. Copyright Wiley-VCH Verlag GmbH & Co. KGaA.)
Figure 15.3: Principle of operation of the smart microfluidic chips for protein separation.5 (Reprint with permission from L. Mu et al. Chem. Eur. J. 2007, 13, 5113-5120. Copyright Wiley-VCH Verlag GmbH & Co. KGaA.)
Figure 15.4: Attachment/detachment of ferrocene nanotubes on the β-CD SAMs/Au substrates controlled by electric fields.8 (Reprinted with permission from Y. F. Chen et al., Langmuir, 2004, 20, 8409-8413. Copyright 2004 American Chemical Society.)
Figure 15.5: Formation of a dendrimer–β-CD assembly (top) and the electrochemically controlled adsorption at the β-CD surface.11 (Reprinted with permission from C. A. Nijhuis et al., Langmuir 2005, 21, 7866-7876. Copyright 2005 American Chemical Society.)
Figure 15.6: Schematic diagram of the azobenzene nanotube assembly on the complementary α-CD/Au substrates via host-guest molecular recognition and light-induced nanotube detachment and attachment on the α-CD surfaces.20 (Reprinted with permission from I. A. Banerjee et al., J. Am. Chem. Soc. 2003, 125, 9542-9543. Copyright 2003 American Chemical Society.)
Figure 15.9: Proposed separation mechanism to control the binding constant between the CD moieties and guest molecules. Right: Chemical structure of guest molecules 1.36 (Reprinted with permission from M. Yanagioka et al., Ind. Eng. Chem. Res. 2003, 42, 380-385. Copyright 2003 American Chemical Society.)
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Figure 16.2: Possible mechanisms of the formation of mesoporous silica materials, by generation of hexagonal silica-surfactant mesophases from the interaction of silica precursor with: (a) spherical micelles, (b) rod-like micelles, or (c) a preformed liquid crystalline phase of the surfactant.

Figure 16.5: Design principle of nanoparticle gated mesoporous silica nanospheres. The nanoparticles cap the pores by covalent bonds trapping previously diffused guest molecules. The bonds are then broken under specific stimuli allowing the guest molecules to diffuse away.

Figure 16.6: DNA-coated gold-capped mesoporous silica nanoparticle loaded with β-estradiol, employed for the simultaneous delivery of a gene and its promoter into plant cells.

Figure 16.7: Schematic representation illustrating the selective diffusion of dopamine over glutamic acid and tyrosine into the mesopores of PLA-coated MSN-based fluorescence sensor system.

Figure 16.8: Photochemical gate based on coumarin dimerization, (a) in its open and (b) in its closed state.

Figure 16.9: Triamine-based gating strategy: (a) at high pH the amine groups interact with each other and the pore wall through hydrogen bonding and the gate is open; (b) at low pH the protonated ammonium ions repel each other closing the gate; (c) in the presence of bulky polyvalent counterions the pores are effectively sealed.

Figure 16.10: Schematic representation illustrating the cell uptake of the nonviral gene transfection system based on DNA-coated PAMAM-capped MSN and the dissociation of the plasmid DNA from the MSN. 

Figure 16.11: (a) Redox-controlled rotaxane gate consisting of a DON–TTF derivatized axis and a movable CBPQT4+ unit. (b) In its reduced form CBPQT4+ binds the TTF, opening the gate. (c) In its oxidized form CBPQT4+ binds the DON, closing the gate.

Figure 16.12: Estearase cleavage mediated opening of an αCD-based rotaxane gate.

Chapter 19:

Figure 19.1: Hydrophobic binding pockets in mesoporous materials. This biomimetic approach takes advantages from both the extraction of the guest from water by finely tuned polarity and size, and the selective reaction of the guest with the binding site.

Figure 19.2: Schematic model of the biomimetic material M1 for the sensing of long-chain carboxylates. Hydrophobic forces bind the tail to the wall, enabling hydrogen bonding interactions of the analyte’s head group with the urea group of the phenoxazinone dye. The result is a color and fluorescence modulation. Lower left: inactive nonhydrophobized material M2. Lower right: inactive molecular probe P1.

Figure 19.3: Schematic model of biomimetic material M3 for amine signaling. Changes in color are due to the reaction between the pyrylium ring and the primary amine. Short amines are too hydrophilic and do not enter into the hydrophobic pores, whereas long-chain amines tend to clog in the pore openings.

Figure 19.4: Schematic view of the surface of the ATP sensing solid M4 showing the possible coordination between the aminoanthracene groups and the ATP anion. Lower left: weakly active nonporous material M5. Lower right: inactive molecular probe P2.

Figure 19.5: SBA-15 derivative M6 containing a dye anchored through electrostatic interactions in the pores for the colorimetric recognition of Cd2+.

Figure 19.6: Nano-caged monoliths M7 to M10 containing selected dyes for the colorimetric signaling of various metal ions.

Figure 19.8: Route for the preparation of the dual sorption and sensing material M11 (first step) and analytical as well as sequestration reaction with Hg2+ (second step).

Figure 19.12: Control of the pore aperture by interaction of molecular gates with guests of different size and shape.

Figure 19.13: ATP signaling protocol via inhibition of dye delivery using nanoscopic gate-like scaffoldings. The mesopores of the system are loaded with a [Ru(bpy)3]2+ dye and polyamines are covalently anchored to the external surface of M17 (left: the gate is open). Addition of ATP results in the inhibition of dye delivery due to strong ATP-polyamine interactions (right: the gate is closed). 

Figure 19.15: Sketch of gated closed-to-opened signaling utilizing the displacement of functionalized dendrimer “corks” by a stronger binding analyte and subsequent release of an indicator.

Figure 19.16: Optical detection protocol using displacement assays in bio-inspired mesoporous systems.

Figure 19.17: Top: protocol for citrate signaling in water by indicator displacement with the mesoporous solid M18 containing nanoscopic binding pockets and methylthymol blue as indicator. Bottom: (left side) architecture of the weakly responding 2D analogue M19, (right side) absorption spectra of M18 in the presence of different carboxylates and citrate calibration curves for M18 and M19.105 (Reprinted with permission from M. Comes et al., Angew. Chem. Int. Ed., 2005, 44, 2918-2922. Copyright Wiley-VCH Verlag GmbH & Co. KGaA.)
Figure 19.18: Thermosensitive hybrid microgel containing gold nanoparticles. The color changes originate from nanoparticle aggregation induced by the swelling/deswelling of the thermosensitive microgel.

Figure 19.19: Left side: Variation of the photoluminescence intensity E (b) of the PEG-fuctionalised Au and CdTe nanoparticles depending on the temperature (a); (c) shows the calculated photon-field enhancement factor P of the CdTe nanoparticles as a function of time. Right side: Schematic representation of a dynamic nanothermometer based on a nanoparticle superstructure. This superstructure consists of two types of nanoparticles (gold and CdTe) connected by polymeric spacers.118 (Reprinted with permission from J. Lee et al., Angew. Chem. Int. Ed., 2005, 44, 7439-7442. Copyright Wiley-VCH Verlag GmbH & Co. KGaA.)
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Figure 20.1: Simplified diagram of molecular imprinting.

Figure 20.4: Simplified diagram of covalent imprinting in silica.

Figure 20.5: Simplified drawing depicting the noncovalent imprinting of dopamine in hybrid silica thin film.

Scheme 20.1: Simplified diagram of ORMOSIL formation.
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Figure 21.1: Block copolymer-nanoparticle co-assemblies as a function of nanoparticle size. The left shows nanoparticles smaller than the root-mean-square end-to-end distance of the block copolymer leading to particle distribution throughout the domain. The right scenario shows much larger nanoparticles segregating out from the block copolymer.11 (Reprinted with permission from A. Jain and U. Wiesner, Macromolecules 2004, 37, 5665-5670. Copyright 2004 American Chemical Society.)
Figure 21.2: Assembly of mesostructured hybrids.(a) Nanoparticles smaller than the blue block’s R0 are miscible and assemble into a lamellar structure. (b) Nanoparticles larger than the blue block’s R0 segregate, forming a nanoparticle-rich core around which lamellae assemble into an onion-type structure. (c) This can be used to generate compositionally heterogeneous nanostructures from tailored nanoparticle size distributions.10 (Reprinted with permission from S. C. Warren et al., Nature. Mater. 2007, 6, 156-161. Copyright 2007 Macmillan Publishers Ltd.)
Figure 21.5: Molecular architectures and models of (a) AB diblock copolymer, (b) extended amphiphilic dendron, and (c) ABC triblock copolymers.28 (Reprinted with permission from B. K. Cho et al., Chem. Mater. 2007, 19, 3611-3614. Copyright 2007 American Chemical Society.)
Figure 21.6: Schematic illustration of the packing transition induced by addition of the sol nanoparticles.11 Red and black regions represent hydrophilic and hydrophobic domains, respectively. Spheres indicate sol nanoparticles. (a) Structural schematic of the parent extended dendron; (b) bilayer packing of docosyl peripheries in the crystalline states of the parent extended dendron; (c) molecular organization of sol particles and dimensions in hybrid material.28 (Reprinted with permission from B. K. Cho et al., Chem. Mater. 2007, 19, 3611-3614. Copyright 2007 American Chemical Society.)
Figure 21.7: (a) and (b) show AFM images of individual nanoplates obtained after dissolution of the bulk hybrids. The height profile in (b) was recorded along the dashed line in the image. Before AFM imaging the materials were heat treated to remove any organic material.28 (Reprinted with permission from B. K. Cho et al. Chem. Mater. 2007, 19, 3611-3614. Copyright 2007 American Chemical Society.)
Figure 21.8: Structural models for lamellar PEP-b-PEO-b-PHMA block copolymer-aluminosilicate composite morphologies with a small PEP block. In the absence of the PEP block, the PEO (dark red) and PHMA (dark green) chains stretch into their respective domains while the aluminosilicate particles (yellow) partition into the hydrophilic PEO domain (a). Possible domain structures discussed in the text are illustrated as follows: In the balls-in-lamellae structure the small PEP block (light red) forms round micellar domains (b). Dimple structure with PEP micelles at the PHMA/PEO-aluminosilicate interface (c). In the pillared-lamellae structure the PEP domains form pillars spanning across the PEO-aluminosilicate domain (d).37 (Reprinted with permission from G. E. S. Toombes et al., Chem. Mater. 2008, 20, 3278-3287. Copyright 2008 American Chemical Society.)
Figure 21.9: 2-D SAXS (logarithmic scale) from a shear-aligned specimen of the parent ABC block copolymer (a, c). The shear direction is horizontal in (a) and along the X-ray beam direction in (c), while the surface normal of the sample is vertical in both images. Radial averages (b, d) in both cases show a main peak at s = (2.63 ( 0.05) ( 10–2 nm–1 (repeat spacing of 38.0 ( 0.7 nm) and the dotted vertical lines indicate the allowed reflections for a hexagonal lattice.37 (Reprinted with permission from G. E. S. Toombes et al. Chem. Mater. 2008, 20, 3278-3287. Copyright 2008 American Chemical Society.)
Figure 21.10: 2D SAXS (logarithmic scale) with the sample’s surface normal directed along the vertical axis (a). The solid layer (horizontal) and row (vertical) lines mark repeat spacings of dl = 33.0 ( 3.3nm ((sy = 0.030 ( 0.003 nm–1) and dr = 21.7 ( 1.9 nm ((sx = 0.046 ( 0.004 nm–1) respectively. Hybrid material anisotropy (b to d). Percent change in lamellar (open squares) and in-plane (closed circles) repeat spacings of compound hybrid A as a function of temperature (263 K to 363 K) (b). Along the lamellar direction the linear thermal expansion coefficient (4.33 ± 0.11 ( 10–4 K–1) is 7.5±1 times the expansion coefficient in the in-plane direction (5.8 ± 0.8 ( 10–5 K–1). 2D SAXS (logarithmic scale) from compound hybrid A swollen by cyclohexane (dl  = 50 ( 1 nm; dr = 21.7 ( 1.9 nm) (c) and following re-evaporation of solvent (dl = 32.8 ( 0.5nm; dr = 21.7 ( 1.9 nm) (d).37 (Reprinted with permission from G. E. S. Toombes et al., Chem. Mater. 2008, 20, 3278-3287. Copyright 2008 American Chemical Society.)
Figure 21.12: Structural models for PEP-b-PEO-b-PHMA block copolymer-aluminosilicate lamellar morphologies with a small PEP block. Top (a) and side (b) views of the pillared-lamellae structure.37 (Reprinted with permission from G. E. S. Toombes et al., Chem. Mater. 2008, 20, 3278-3287. Copyright 2008 American Chemical Society.)
Figure 21.13: Dark-field TEM (a) of a thin section of bulk material (aluminosilicate bright) (scale bar 100nm). Two iso-surface renders (b) showing the surface of the aluminosilicate strand from top and edge on obtained from the tomographic reconstruction of an individual hybrid strand. The strand shows a clear concertina structure. The thickness of strands is approximately 10 nm, while the wiggles along each strand have a period of dw ( 24 nm and a peak-to-peak amplitude of ~ 5 nm. Corresponding slices (c) through the center of the reconstruction show individual sol particles (diameter ~ 2 nm) within the body of the concertina.36 (Reprinted with permission from G. E. S. Toombes et al., Macromolecules 2008, 41, 852-859. Copyright 2008 American Chemical Society.)
Figure 21.15: Four-layer woodpile structure. In the face-centered orthorhombic unit cell (side view a, top view b), strands in odd/even layers (red/yellow) are directed along the (a + b)/(a - b) diagonals while the third and fourth layers are offset by (a + c)/2. The angle between the two strand directions ( ( 75), spacing between strands within each plane (dip), and period of wiggles along each strand (dw) are indicated in the overhead view (b). Models of the undulating structure viewed from the front (c), overhead (d), and in the direction of the strands (e).36 (Reprinted with permission from G. E. S. Toombes et al. Macromolecules 2008, 41, 852-859. Copyright 2008 American Chemical Society.)
Figure 21.21: Photograph of CCM-Nb2O5-C on the left and CCM-Nb2O5-CASH on the right.75 (Reprinted with permission from J. Lee et al., Nature. Mater. 2008, 7, 222-228. Copyright Macmillan Publishers Ltd.)
Figure 21.24: Photograph (a) and bright-field TEM images (b) to (g) of materials produced after each stage of the synthesis. (a) Pieces of unannealed inverse hexagonal hybrid film. The grid paper has 5-mm markings. (b) Unannealed inverse hexagonal hybrid. (c) An annealed inverse hexagonal hybrid. (d) Examination of the hybrid from (c) at higher magnification resolved individual PtNPs, seen as dark spots in the bright-field image. (Inset) A typical convergent-beam electron diffraction pattern (seen with an ultra–high-vacuum scanning transmission electron microscope) from a single PtNP, demonstrating its crystallinity. (e) An annealed lamellar hybrid. (f) Pyrolysis of an annealed inverse hexagonal hybrid yields a mesoporous Pt-C composite. (Inset) Selected area electron diffraction, showing Pt expected face-centered cubic scattering profile. (g) Removal of carbon with an Ar-O plasma yielded mesoporous inverse hexagonal Pt.86 (Reprinted with permission from S. C. Warren et al., Science 2008, 320, 1748-1752. Copyright AAAS.)
Figure 21.25: (a) Polarization curves of the H2 oxidation reaction in H2-saturated 0.1 M H2SO4 solution (at 2000 rpm and 10 mV s–1). Dashed line, mesoporous Pt-C nanocomposite; grey curve, mesoporous Pt; black curve, planar Pt electrode. E, potential; sat., saturated. (b) EDS of pyrolized sample. The pie chart displays elemental weight fractions. The sample was on a Si substrate and the primary energy was 10 keV. Pt = 74 wt %, C = 18 wt %, O = 7 wt %, and S = 1 wt %. (c) EDS of acid-treated sample. Pt = 98 wt %, C = 1 wt %, and O = 0.5 wt %.86 (Reprinted with permission from S. C. Warren el al., Science 2008, 320, 1748-1752. Copyright AAAS.)
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Figure 22.1: Schematic illustration of the operation of nanocontainer-based coatings.

Figure 22.2: Scanning vibrating electrode (SVET) measurements of the ionic currents above the surface of the inhibitor-free SiOx:ZrOx hybrid film (a) to (c) and of the SiOx:ZrOx hybrid film with inhibitor-loaded SiO2 nanocontainers (d) to (f). (a, d) at the beginning; (b, e) after 42 hours of corrosion; (c, f) after 60 hours. Scale units: μA cm–2, spatial resolution 150 μm. Solution: 0.1 M NaCl.
Figure 22.5: Scanning vibrating electrode (SVET) measurements of the ionic currents above the surface of a SiOx:ZrOx sol-gel film with inhibitor-loaded containers sensitive to IR irradiation upon 24 hours of immersion in 0.1 M NaCl before (left) and after (right) local IR-laser irradiation of the corrosion area.
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Figure 23.9: Trace analysis of a metal (M) analyte in the presence of surfactants (S) using the vertically “active” and horizontally “passive” aligned nanowires. Such adaptive operation leads to “opening” and “closing” of the surface to allow measurement and protection of the transducer between measurements. Also shown are the optical images (top view) of the glassy-carbon disk electrode covered with the vertically (left) and horizontally (right) aligned nanowires.47 (Reprinted with permission from R. Laocharoensuk et al., J. Am. Chem. Soc. 2007, 129, 7774-7775. Copyright 2007 American Chemical Society.)
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Figure 24.2: Knowledge structure of hybrid nanomaterials research. The nodes of the network represent review publications. The labels indicate first author and year of publication. The lines represent the similarity between nodes, as measured by the normalized number of shared references (bibliographic coupling). 
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Figure 25.1: Biotinylation of nanodiamond and recognition protocol with horseradish peroxidase-labeled streptavidin. Conditions and reagents: (a) BH3•THF, THF, reflux, 72 h; (b) APTMS, acetone, room temperature, 16 h; (c) biotin, EDC, DMAP, CH2Cl2, 0 °C → room temperature, 65 h.11
Figure 25.2: (a) Fluorescence spectra of 350-nm gFNDs prepared by either 40-keV He+ or 3-MeV H+ irradiation, followed by thermal annealing at 800 °C and surface oxidation at 490 °C. Both spectra were obtained for gFND suspensions with the same concentration (1 mg mL–1) by laser excitation at λex = 473 nm and emission collection at λem > 500 nm. Inset: a photo showing the fluorescence image of a cuvette containing 350-nm gFND suspension excited by a 473-nm laser. (b) Epifluorescence images of fluorescent ND (obtained with 40x objective). (c) Fluorescence spectra of annealed nanodiamonds with (red) or without (blue) proton beam irradiation. The excitation was made at 510 to 560 nm, and the emission was collected at a wavelength of >590 nm. (d) Photostability tests of fluorescent ND (red) and fluorescent polystyrene nanospheres (blue) excited under the same conditions. The fluorescence intensity was obtained by integrating over the wavelength range of 590 to 900 nm for each sample.12,17 (Reprinted with permission from S.-J. Yu et al., J. Am. Chem. Soc. 2005, 127, 17604-17605. Copyright 2005 American Chemical Society; T.-L. Wee el al., Diam. Relat. Mat., 2009, 18, 567-573, Copyright 2009 Elsevier.)
Figure 25.4: Functionalization of SiC with alkyl and ester groups.57
Figure 25.5: Synthetic approach to mesoporous SiC-based ceramics.58 (Reprinted with permission from Y. Shi et al., Chem. Mater. 2007, 19, 1761-1771. Copyright 2007 American Chemical Society.)
Figure 25.6: (a) Emission spectra of {[Nd4(ox)4(NO3)2(OH)2(H2O)2]•5H2O}n (ox = oxalate) in DMSO (10–3 M) at room temperature (excited at 285 nm) upon the addition of approximately 0 to 3 equiv of Zn2+ ions, respectively, as brown, no addition; red, 1 equiv; blue, 2 equiv; green, 3 equiv. (b) Excitation (- - - -) and PL spectra (-) of solid [Eu(pdc)1.5]•DMF activated in DMF solutions of Cu(NO3)2 at different concentrations (excited and monitored at 321 nm and 618 nm, respectively).60,61 (Reprinted with permission from L.-Z. Zhang et al., Inorg. Chem. 2007, 46, 622-624. Copyright 2007 American Chemical Society; B. Chen et al., Angew. Chem., Int. Ed. 2009, 48, 500-503. Copyright Wiley-VCH Verlag GmbH & Co. KGaA.)
