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12.8: Supramolecular Assemblies
Supramolecular assemblies are a different type of large structure, related to macromolecules. In a supermolecular assembly, parts of
the structure are held together by very strong interactions, but not necessarily by covalent bonds. For example, a polymer in which
chains are held together by physical crosslinks such as hydrogen bonds may be considered to form a supermolecular assembly.

DNA is an example of a supramolecular assembly. Each strand of DNA is an alternating sugar-phosphate copolymer. Along this
backbone, there are pendant "base" units, adenine, cytosine, guanine or thymine.

Two DNA strands form a helical supramolecular assembly through hydrogen bonding interactions that form between the bases.
Thymine can hydrogen bond preferentially with adenine.

Cytosine hydrogen bonds preferentially with guanine.
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There are a number of different ways in which synthetic supramolecular assemblies can be formed. These kinds of structures have
been getting increased attention in recent years as researchers try to develop new materials with useful properties. There are a few
common methods through which the assemblies are formed. We will look at hydrogen bonding, host-guest chemistry and
coordination chemistry.

Hydrogen Bonding

Hydrogen bonding is a common way to build supramoleucular assemblies. Bert Meijer at Eindhoven Technical University in the
Netherlands has developed a number of systems that use this approach. For example, graft copolymers have been assembled in his
lab by hanging pendant chains onto a polymer backbone via hydrogen bonds.

This approach can be pictured in cartoon, below, in which the hydrogen bonding elements are boxes and the lines are flexible
chains or tails.

The diffusion coefficients cited in the picture above are related to how easily compounds can move through a solution. The
higher the diffusion coefficient, the more easily the compound moves through solution.

a. How is the diffusion coefficient related to viscosity?
b. Explain the difference between the diffusion coefficients of the two compounds above.

Answer a:

Viscosity is related to the amount of drag in the fluid. The more drag, the slower solutes will be able to move, so the
diffusion coefficient is inversely related to viscosity (i.e. higher diffusion coefficientshould correlate with lower viscosity).

Answer b:

The regular chain polymer diffuses more easily than the graft copolymer / supramolecular assembly because the pendant
chains in the latter lead to increased entanglement.

Exercise 12.8.1
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Host-Guest Complexes

Another approach to supramolecular assemblies is to exploit host-guest interactions to bring different parts of the assembly
together. Host-guest complexes act a little bit like enzymes and their substrates in biology, or like materials bound inside zeolites.
The idea is that one molecule has a cavity or opening big enough for another molecule to fit inside. It's a little like a basketball
fitting into a peach basket.

There might be a physical attraction (an intermolecular force) between a host and a guest, but there does not have to be. Julius
Rebek at the Scripps Institute has developed host complexes that will hold normally aloof guests such as N . Part of the reason
guests can become comfortably ensconced without intermolecular attractions involves the fact that the molecule inside would have
to take a very particular path in order to escape.

A number of host compounds are shown below. Each of them is designed to have an enclosed space of some kind. In some cases
it's no more than a ring, but that is enough to keep the guest from escaping on those sides.

The following host-guest system was designed in the lab of Taichi Ikeda at the National Institute for Materials Science in
Japan. In the polymer notation, "x" and "n-x" are just numbers of repeating units. When solutions of the two polymers are
mixed together, an elastic gel is formed.

a. Draw a cartoon of each of the polymers and of the host-guest linked assembly.
b. What makes this host and guest especially attractive for each other?
c. Describe the structure of this assembly, in terms of polymer architectures seen previously.
d. Why is the gel elastic?
e. This gel is "self-healing": it can be cut with a knife, but the pieces can then be stuck back together again. Explain how this

re-attachment occurs.

Answer b:

The lone pairs on the oxygens in the host would be attracted to the positively charged nitrogens in the guest. The N-H
groups in the guest would even act as hydrogen bond donors to the oxygens.

Answer c:

This supramolecular assembly forms a cross-linked architecture.

Answer d:
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The gel is elastic because, although it contains flexible chains and can be distorted up to a point, at some point the
crosslinks pull it back to its original position.

Answer e:

When the gel is cut, probably some guests are pulled away from their hosts along the surface of the cut. WHen the edges
are placed back together, the guests can find new hosts and form the cross-linked structure again.
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Coordination Compounds

If you don't know about coordination compounds, you might want to start with Lewis acid-base complexes.

A number of such assemblies have been reported from the lab of Stephen Craig at Duke University. For example, mixing a solution
of certain palladium compounds into a solution of poly(vinylpyridine) (PVP) produces a thickening of the liquid into a honey-like
consistency.

As a cartoon, this system can be represented as shown below. The palladium complexes form physical crosslinks between the
pendant pyridine units on the polymer chains.

This is a challenge problem for students of Chem 251.

Craig's lab reported the following kinetic data for the poly(vinylpyridine) / ML  system in DMSO (dimethylsulfoxide) solvent.
Remember, ML  just means "coordination complex".

a. The rate constant k  refers to the dissociation of a PVP/ML  linkage. Show a likely mechanism for that reaction.

Exercise 12.8.3
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b. Explain why the reaction is faster with the methyl-substituted ligand than the ethyl-substituted one.
c. Is K  the equilibrium constant for formation of the PVP/ML  linkage or for dissociation of the linkage?
d. Explain the large difference in values of K  between the palladium complexes and the platinum complexes.

Answer a:

The palladium in the complex is Pd(II), so it is d8 and the structure of the crosslink is square planar at palladium. Ligand
exchange likely occurs through an associative process. That means that before the PVP dissociates, a new ligand would
bind; this ligand is probably a solvent molecule, DMSO.

Answer b:

The increased crowding in the ethyl-substituted ligand, compared to the methyl, would hinder the approach of DMSO
during substitution, slowing down the reaction.

Answer c:

K  is defined as k /k , the rate constant for the association step over the rate constant for the dissociation step. It is the
binding constant for PVP-Pd formation.

Answer d:

Palladium is a second row transition metal whereas platinum is a third row transition metal. Third row metals have greater
ligand field splitting energies than second row metals and are generally less labile.
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