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In supramolecular chemistry, our aim is to understandmolecular chemistry beyond the covalent bond - the series
willconcentrate on goal-orientated supramolecular calendrierdelascience.comctives in Supramolecular Chemistry will
reflect researchwhich develops supramolecular structures with specific newproperties, such as recognition, transport
and.

History[ edit ] The existence of intermolecular forces was first postulated by Johannes Diderik van der Waals
in In , [13] Fischer suggested that enzyme-substrate interactions take the form of a "lock and key", the
fundamental principles of molecular recognition and host-guest chemistry. In the early twentieth century
noncovalent bonds were understood in gradually more detail, with the hydrogen bond being described by
Latimer and Rodebush in The use of these principles led to an increasing understanding of protein structure
and other biological processes. For instance, the important breakthrough that allowed the elucidation of the
double helical structure of DNA occurred when it was realized that there are two separate strands of
nucleotides connected through hydrogen bonds. The use of noncovalent bonds is essential to replication
because they allow the strands to be separated and used to template new double stranded DNA.
Concomitantly, chemists began to recognize and study synthetic structures based on noncovalent interactions,
such as micelles and microemulsions. Eventually, chemists were able to take these concepts and apply them to
synthetic systems. The breakthrough came in the s with the synthesis of the crown ethers by Charles J.
Following this work, other researchers such as Donald J. The importance of supramolecular chemistry was
established by the Nobel Prize for Chemistry which was awarded to Donald J. Pedersen in recognition of their
work in this area. In the s, supramolecular chemistry became even more sophisticated, with researchers such as
James Fraser Stoddart developing molecular machinery and highly complex self-assembled structures, and
Itamar Willner developing sensors and methods of electronic and biological interfacing. During this period,
electrochemical and photochemical motifs became integrated into supramolecular systems in order to increase
functionality, research into synthetic self-replicating system began, and work on molecular information
processing devices began. The emerging science of nanotechnology also had a strong influence on the subject,
with building blocks such as fullerenes , nanoparticles , and dendrimers becoming involved in synthetic
systems. Thermodynamics[ edit ] Supramolecular chemistry deals with subtle interactions, and consequently
control over the processes involved can require great precision. In particular, noncovalent bonds have low
energies and often no activation energy for formation. As demonstrated by the Arrhenius equation , this means
that, unlike in covalent bond-forming chemistry, the rate of bond formation is not increased at higher
temperatures. In fact, chemical equilibrium equations show that the low bond energy results in a shift towards
the breaking of supramolecular complexes at higher temperatures. However, low temperatures can also be
problematic to supramolecular processes. Supramolecular chemistry can require molecules to distort into
thermodynamically disfavored conformations e. In addition, the dynamic nature of supramolecular chemistry
is utilized in many systems e. Thus, thermodynamics is an important tool to design, control, and study
supramolecular chemistry. Perhaps the most striking example is that of warm-blooded biological systems,
which entirely cease to operate outside a very narrow temperature range. Environment[ edit ] The molecular
environment around a supramolecular system is also of prime importance to its operation and stability. Many
solvents have strong hydrogen bonding, electrostatic, and charge-transfer capabilities, and are therefore able to
become involved in complex equilibria with the system, even breaking complexes completely. For this reason,
the choice of solvent can be critical. Molecular self-assembly[ edit ] Molecular self-assembly is the
construction of systems without guidance or management from an outside source other than to provide a
suitable environment. The molecules are directed to assemble through noncovalent interactions. Self-assembly
may be subdivided into intermolecular self-assembly to form a supramolecular assembly , and intramolecular
self-assembly or folding as demonstrated by foldamers and polypeptides. Molecular self-assembly also allows
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the construction of larger structures such as micelles , membranes , vesicles , liquid crystals , and is important
to crystal engineering. Often, the definition of which species is the "host" and which is the "guest" is arbitrary.
The molecules are able to identify each other using noncovalent interactions. Key applications of this field are
the construction of molecular sensors and catalysis. It may be considered a special case of supramolecular
catalysis. Noncovalent bonds between the reactants and a "template" hold the reactive sites of the reactants
close together, facilitating the desired chemistry. This technique is particularly useful for situations where the
desired reaction conformation is thermodynamically or kinetically unlikely, such as in the preparation of large
macrocycles. This pre-organization also serves purposes such as minimizing side reactions, lowering the
activation energy of the reaction, and producing desired stereochemistry. After the reaction has taken place,
the template may remain in place, be forcibly removed, or may be "automatically" decomplexed on account of
the different recognition properties of the reaction product. The template may be as simple as a single metal
ion or may be extremely complex. Mechanically interlocked molecular architectures[ edit ] Mechanically
interlocked molecular architectures consist of molecules that are linked only as a consequence of their
topology. Some noncovalent interactions may exist between the different components often those that were
utilized in the construction of the system , but covalent bonds do not. Supramolecular chemistry, and
template-directed synthesis in particular, is key to the efficient synthesis of the compounds. Examples of
mechanically interlocked molecular architectures include catenanes , rotaxanes , molecular knots , molecular
Borromean rings [20] and ravels. While covalent bonds are key to the process, the system is directed by
noncovalent forces to form the lowest energy structures. These biomimetic architectures can be used to learn
about both the biological model and the synthetic implementation. Examples include photoelectrochemical
systems, catalytic systems, protein design and self-replication. After construction, the template is removed
leaving only the host. The template for host construction may be subtly different from the guest that the
finished host binds to. In its simplest form, imprinting utilizes only steric interactions, but more complex
systems also incorporate hydrogen bonding and other interactions to improve binding strength and specificity.
These devices exist at the boundary between supramolecular chemistry and nanotechnology , and prototypes
have been demonstrated using supramolecular concepts. Fraser Stoddart and Bernard L. Rather, chemists have
a range of well-studied structural and functional building blocks that they are able to use to build up larger
functional architectures. Many of these exist as whole families of similar units, from which the analog with the
exact desired properties can be chosen. Synthetic recognition motifs[ edit ] The pi-pi charge-transfer
interactions of bipyridinium with dioxyarenes or diaminoarenes have been used extensively for the
construction of mechanically interlocked systems and in crystal engineering. The use of crown ether binding
with metal or ammonium cations is ubiquitous in supramolecular chemistry. The formation of carboxylic acid
dimers and other simple hydrogen bonding interactions. The complexation of bipyridines or tripyridines with
ruthenium , silver or other metal ions is of great utility in the construction of complex architectures of many
individual molecules. The complexation of porphyrins or phthalocyanines around metal ions gives access to
catalytic, photochemical and electrochemical properties as well as complexation. These units are used a great
deal by nature. Macrocycles[ edit ] Macrocycles are very useful in supramolecular chemistry, as they provide
whole cavities that can completely surround guest molecules and may be chemically modified to fine-tune
their properties. Cyclodextrins , calixarenes , cucurbiturils and crown ethers are readily synthesized in large
quantities, and are therefore convenient for use in supramolecular systems. More complex cyclophanes , and
cryptands can be synthesised to provide more tailored recognition properties. Supramolecular metallocycles
are macrocyclic aggregates with metal ions in the ring, often formed from angular and linear modules.
Common metallocycle shapes in these types of applications include triangles, squares, and pentagons, each
bearing functional groups that connect the pieces via "self-assembly. Structural units[ edit ] Many
supramolecular systems require their components to have suitable spacing and conformations relative to each
other, and therefore easily employed structural units are required. The chemistry for creating and connecting
these units is very well understood. Surfaces can be used as scaffolds for the construction of complex systems
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and also for interfacing electrochemical systems with electrodes. Regular surfaces can be used for the
construction of self-assembled monolayers and multilayers. The understanding of intermolecular interactions
in solids has undergone a major renaissance via inputs from different experimental and computational methods
in the last decade. This includes high-pressure studies in solids and in situ crystallization of compounds which
are liquids at room temperature along with the utilization of electron density analysis, crystal structure
prediction and DFT calculations in solid state to enable a quantitative understanding of the nature, energetics
and topological properties associated with such interactions in crystals. Photochromic and photoisomerizable
groups have the ability to change their shapes and properties including binding properties upon exposure to
light. TTF and quinones have more than one stable oxidation state , and therefore can be switched with redox
chemistry or electrochemistry. Other units such as benzidine derivatives, viologens groups and fullerenes ,
have also been utilized in supramolecular electrochemical devices. Biologically-derived units[ edit ] The
extremely strong complexation between avidin and biotin is instrumental in blood clotting , and has been used
as the recognition motif to construct synthetic systems. The binding of enzymes with their cofactors has been
used as a route to produce modified enzymes, electrically contacted enzymes, and even photoswitchable
enzymes. DNA has been used both as a structural and as a functional unit in synthetic supramolecular systems.
Materials technology[ edit ] Supramolecular chemistry has found many applications, [30] in particular
molecular self-assembly processes have been applied to the development of new materials. Large structures
can be readily accessed using bottom-up synthesis as they are composed of small molecules requiring fewer
steps to synthesize. Thus most of the bottom-up approaches to nanotechnology are based on supramolecular
chemistry. Supramolecular catalysis A major application of supramolecular chemistry is the design and
understanding of catalysts and catalysis. Noncovalent interactions are extremely important in catalysis,
binding reactants into conformations suitable for reaction and lowering the transition state energy of reaction.
Template-directed synthesis is a special case of supramolecular catalysis. Encapsulation systems such as
micelles , dendrimers , and cavitands [34] are also used in catalysis to create microenvironments suitable for
reactions or steps in reactions to progress that is not possible to use on a macroscopic scale. Medicine[ edit ]
Design based on supramolecular chemistry has led to numerous applications in the creation of functional
biomaterials and therapeutics. These include systems based on supramolecular assembly of peptides,
host-guest macrocycles, high-affinity hydrogen bonding, and metal-ligand interactions. A supramolecular
approach has been used extensively to create artificial ion channels for the transport of sodium and potassium
ions into and out of cells. The area of drug delivery has also made critical advances as a result of
supramolecular chemistry providing encapsulation and targeted release mechanisms. In many cases, photonic
or chemical signals have been used in these components, but electrical interfacing of these units has also been
shown by supramolecular signal transduction devices. Data storage has been accomplished by the use of
molecular switches with photochromic and photoisomerizable units, by electrochromic and redox -switchable
units, and even by molecular motion. Synthetic molecular logic gates have been demonstrated on a conceptual
level. Even full-scale computations have been achieved by semi-synthetic DNA computers.
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Perspectives in Supramolecular Chemistry will relate recent developments and new exciting approaches in
supramolecular chemistry. In supramolecular chemistry, our aim is to understand molecular chemistry beyond the
covalent bond - the series will concentrate on goal-orientated supramolecular chemistry.

Figure 40 Ligand 92 and X-ray crystallographic structure of octaanion [Ti4L24]R- of 93, stereo
representation. In order to unequivocally establish the structure of the hexanuclear nickel complex 95, X-ray
diffraction was carried out. According to this analysis, the six nickel I1 cations are located in the vertices of a
compressed tetragonal bipyramid. The two apical nickel I1 cations each are square-planar coordinated to the
eight sulfur atoms of four pi ATUp 2] units. A simple, general systematic strategy for the rational design of
self-assembled supramolecular species has yet to be developed. However, a promising approach to the
formation of novel supramolecular species, by spontaneous self-assembly of precursor building blocks under
appropriate conditions, involves the coordination 95 Figure 41 Schematic representation of building block 94
and X-ray crystallographic structure of trication [CI C Ni, ATU. It is evident that the concepts and principles
known for the classical covalent supramolecular chemistry are valid and applicable to the coordination motif
in the self-assembly of a nearly infinite number and variety of metal-containing supramolecular species.
Additionally, coordination offers advantages and unique design features in the assembly of discrete
supramolecular species. Just as in nature, function and use will follow and enrich such rapidly growing
interdisciplinary fields as bioinorganic chemistry, and materials sciences. Particular thanks are due to the
enthusiastic co-workers mentioned, who have actively taken part in our own research. We also thank Sabine
Kareth for her valuable assistance in preparing the manuscript. Stoddart, Large Ring Molecules Ed.: Semlyen ,
Wiley, New York, , p. Vogtle, Suprarnolekulare Chemie, Teubner, Stuttgart, , p. Hamilton , Wiley, New York,
, p. Rex , 30, Baxter, Comprehensive Suprarnoleculur Chemistry Eds.: Hosseini , 1st ed. Constable,
Comprehensive Suprarnoleculur Chemistry Eds.: Constable, Tetrahedron , 48, Fujita, Comprehensive
Supramolecular Chemistry Eds.: Hermann VCH, Weinheim, , p. Sauvage, Comprehensive Supramolecular
Chemistry Eds.: Synthesis of Catenanes and Molecular Knots, Vol. Van Dorsselaer, B, Kneisel, D. King,
Large Ring Molecules Ed.: Semlyen , Wiley, New York, Stoddart , Black Bear Press, Cambridge, , p. Duffey,
Organornetallics , 14, Novak, Nature ,, ; M. USA , 84, ; A. USA , 90,; J. Shanzer, Nature , , Kersting, M,
Meyer, R. Highlights on this topic:
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Perspectives in Supramolecular Chemistry will relate recent developments and new exciting approaches in
supramolecular chemistry. In supramolecular chemistry, our aim is to understand molecular chemistry beyond the
covalent bond - the series will concentrate on goal-orientated supramolecular.

In practice, solid state inorganic chemistry uses techniques such as crystallography to gain an understanding of
the properties that result from collective interactions between the subunits of the solid. Included in solid state
chemistry are metals and their alloys or intermetallic derivatives. Related fields are condensed matter physics ,
mineralogy , and materials science. Precise quantum mechanical descriptions for multielectron species, the
province of inorganic chemistry, is difficult. This challenge has spawned many semi-quantitative or
semi-empirical approaches including molecular orbital theory and ligand field theory , In parallel with these
theoretical descriptions, approximate methodologies are employed, including density functional theory.
Exceptions to theories, qualitative and quantitative, are extremely important in the development of the field.
The disagreement between qualitative theory paramagnetic and observation diamagnetic led to the
development of models for "magnetic coupling. Such theories are easier to learn as they require little
background in quantum theory. Within main group compounds, VSEPR theory powerfully predicts, or at least
rationalizes, the structures of main group compounds, such as an explanation for why NH3 is pyramidal
whereas ClF3 is T-shaped. A particularly powerful qualitative approach to assessing the structure and
reactivity begins with classifying molecules according to electron counting , focusing on the numbers of
valence electrons , usually at the central atom in a molecule. Molecular symmetry group theory[ edit ]
Nitrogen dioxide , NO2, exhibits C2v symmetry A central construct in inorganic chemistry is the theory of
molecular symmetry. Group theory also enables factoring and simplification of theoretical calculations.
Spectroscopic features are analyzed and described with respect to the symmetry properties of the, inter alia,
vibrational or electronic states. Knowledge of the symmetry properties of the ground and excited states allows
one to predict the numbers and intensities of absorptions in vibrational and electronic spectra. A classic
application of group theory is the prediction of the number of C-O vibrations in substituted metal carbonyl
complexes. The most common applications of symmetry to spectroscopy involve vibrational and electronic
spectra. Thermodynamics and inorganic chemistry[ edit ] An alternative quantitative approach to inorganic
chemistry focuses on energies of reactions. This approach is highly traditional and empirical , but it is also
useful. Broad concepts that are couched in thermodynamic terms include redox potential , acidity , phase
changes. A classic concept in inorganic thermodynamics is the Born-Haber cycle , which is used for assessing
the energies of elementary processes such as electron affinity , some of which cannot be observed directly.
Mechanistic inorganic chemistry[ edit ] An important and increasingly popular aspect of inorganic chemistry
focuses on reaction pathways. The mechanisms of reactions are discussed differently for different classes of
compounds. Main group elements and lanthanides[ edit ] The mechanisms of main group compounds of
groups are usually discussed in the context of organic chemistry organic compounds are main group
compounds, after all. Elements heavier than C, N, O, and F often form compounds with more electrons than
predicted by the octet rule , as explained in the article on hypervalent molecules. The mechanisms of their
reactions differ from organic compounds for this reason. Elements lighter than carbon B , Be , Li as well as Al
and Mg often form electron-deficient structures that are electronically akin to carbocations. Such
electron-deficient species tend to react via associative pathways. The chemistry of the lanthanides mirrors
many aspects of chemistry seen for aluminium. Transition metal complexes[ edit ] Mechanisms for the
reactions of transition metals are discussed differently from main group compounds. These themes are covered
in articles on coordination chemistry and ligand. Both associative and dissociative pathways are observed.
Redox reactions[ edit ] Redox reactions are prevalent for the transition elements. Two classes of redox
reaction are considered: A fundamental redox reaction is "self-exchange", which involves the degenerate
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reaction between an oxidant and a reductant. For example, permanganate and its one-electron reduced relative
manganate exchange one electron: Alkenes bound to metal cations are reactive toward nucleophiles whereas
alkenes normally are not. The large and industrially important area of catalysis hinges on the ability of metals
to modify the reactivity of organic ligands. Homogeneous catalysis occurs in solution and heterogeneous
catalysis occurs when gaseous or dissolved substrates interact with surfaces of solids. Traditionally
homogeneous catalysis is considered part of organometallic chemistry and heterogeneous catalysis is
discussed in the context of surface science , a subfield of solid state chemistry. But the basic inorganic
chemical principles are the same. The industrial significance of these feedstocks drives the active area of
catalysis. Ligands can also undergo ligand transfer reactions such as transmetalation. Characterization of
inorganic compounds[ edit ] Because of the diverse range of elements and the correspondingly diverse
properties of the resulting derivatives, inorganic chemistry is closely associated with many methods of
analysis. Older methods tended to examine bulk properties such as the electrical conductivity of solutions,
melting points , solubility , and acidity. With the advent of quantum theory and the corresponding expansion
of electronic apparatus, new tools have been introduced to probe the electronic properties of inorganic
molecules and solids. Often these measurements provide insights relevant to theoretical models. For example,
measurements on the photoelectron spectrum of methane demonstrated that describing the bonding by the
two-center, two-electron bonds predicted between the carbon and hydrogen using Valence Bond Theory is not
appropriate for describing ionisation processes in a simple way. Such insights led to the popularization of
molecular orbital theory as fully delocalised orbitals are a more appropriate simple description of electron
removal and electron excitation. Commonly encountered techniques are: This technique measures the
conformation and conformational change of molecules. Various forms of spectroscopy Ultraviolet-visible
spectroscopy: Historically, this has been an important tool, since many inorganic compounds are strongly
colored NMR spectroscopy: Also the NMR of paramagnetic species can result in important structural
information. Proton NMR is also important because the light hydrogen nucleus is not easily detected by X-ray
crystallography.
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Chapter 5 : Transition Metals in Supramolecular Chemistry : J. P. Sauvage :
supra molecular chemistry (having a penchant for transition metals) prompted us to apply to the NATO Science
Committee for an Advanced Research Workshop on Transition Metals in Supramolecular Chemistry, under the Special.

Chapter 6 : Transition Metals in Supramolecular Chemistry - Jean-Pierre Sauvage - Sciences formelles
Transition Metals in Supramolecular Chemistry clearly demonstrates that today, transition metal complexes are routinely
used to build large multicomponent architectures which display new and exciting applications including molecular
switches, liquid crystals, and molecular magnets.
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