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• About a century ago, Dr. Staudinger substantiated the existence of 
ultralong molecules and won the long-term debate against the colloidal 
theory to establish polymer science. 

• Supramolecular polymerization, is a modernized version of the colloidal 
approach to polymeric materials. Supramolecular polymers attract 
attention not only because they are 100% recyclable but also they can be 
designed to be eco-friendly, self-healable, responsive, and adaptive . 

• In 1988, Aida et al. reported the prototype of supramolecular 
polymerization using an amphiphilic porphyrin with water-soluble 
oligoether side chains as the monomer and have made fundamental 
contributions to this field. 



The first work of T. Aida

The recent developments for one-dimensional aggregates or 
supramolecular polymers started in 1988, when T. Aida published the 
concept of cofacial assembly of amphiphilic porphyrins into one-
dimensional architectures (Figure 2). 

At that time, this discovery was not connected to any form of 
supramolecular polymers but was rather discussed within the field of 
amphiphiles by analogy to the formation of cylindrical micelles. 

Cylindrical micelles were considered too labile to generate materials, 
and this perception did not change even when much more stable 
polymersomes were introduced in 1995.



Aida: supramolecular polymerization in water of PEG-
functionalized porphirin



The work of Wuest, Lehn and Griffin

Independently and in the same year 1988, one-dimensional aggregates based on 
hydrogen bonds in the crystalline state were introduced by Wuest and coworkers. 
They used an array of double hydrogen-bonded monomers that formed polymeric 
arrays in the crystal, provided that the units were designed for linear arrays, 
otherwise cyclic structures were obtained.

Lehn moved to the liquid crystalline phase using a triple-hydrogen bonded strategy 
in 1990. Here, his group synthesized two complementary monomeric units (A-A 
and B-B), assembled them into a (A-A : B-B)n polymeric structure, and observed 
chiral fiber-like architectures with electron microscopy.

In 1994, Lee and Griffin moved to amorphous materials using a single hydrogen 
bond between a carboxylic acid and a pyridine again in A-A and B-B arrangements. 
In this case, the supramolecular complexes could be drawn into fibers displaying 
some mechanical properties, probably due to the ionic character of the bond 
between an acid and pyridine.



Hydrogen-bonded polymers by Wuest, Griffin, Lehn



The problem of mechanical strenght

Despite their beauty in representing the birth of
supramolecular polymers, the association constants between
the repeating building blocks are actually too low to furnish
high virtual molecular weights of the polymers in solution,
melt and amorphous states. Hence, the idea to make
mechanically strong polymeric materials by 1D association of
small molecules remained within the realm of fantasy.



The First Mechanically Robust Supramolecular 
Polymeric Materials

That all changed in 1997 when the 
ureidopyrimidinone (UPy) self-
complementary quadruple hydrogen 
bonding unit was introduced to this 
field. 
Meijer and Sijbesma,
developed the ureidopyrimidinone
(UPy) motif and investigated its mode 
of action in detail



The Upy supramolecular polymer

The molecule is very easy to synthesize in one step from 
commercially available precursor molecules or in three steps 
from methyl acetate.
At that time, it represented the first example of a (self-

complementary) quadruple hydrogen bonding unit

A combination of techniques, including magnetization-
transfer NMR studies, yielded a dimerization constant
of Kdim=107–108 M-1 and a life time of 0.1–1.0 second, both
properties depending on the dielectric constant of the solvent.
This UPy-group when attached to both sides of a spacer
furnished thermodynamically stable supramolecular polymers
with macroscopic properties that were traditionally only
reserved for covalent macromolecules

Films and fibers could be prepared and 
these materials possess in many ways 
the bulk properties of macromolecular 
materials.



The Upy-motif and supramolecular polymers

Through the years the use of the UPy-motif expanded and a 
large number of different spacers, oligomers and even 
macromolecules were decorated with the UPy-motif. 1D 
supramolecular polymers and 3D polymer networks are 
obtained with the UPy-unit at the end of the chain. Strong 
supramolecular aggregation is obtained when the UPy-unit is 
incorporated in the main chain and versatile thermoplastic 
elastomers are obtained. Similar ideas were used to make 
highly elastic supramolecular hydrogels.

The successful combination of  interactions yielded 
supramolecular thermoplastic elastomers that are used as 
temporary biomaterials for regenerative medicine.

Supramolecular polymers are defined as polymeric

arrays of monomeric units that are brought together by

reversible and highly directional secondary interactions,

resulting in polymeric properties in dilute and 

concentrated solutions, as well as in the bulk. The 

monomeric units of the supramolecular polymers 

themselves do not possess a repetition of chemical 

fragments. The directionality and strength of

the supramolecular bonding are important features of 

systems that can be regarded as polymers and that 

behave according to well-established theories of 

polymer physics



Indeed, it was from 1997 onwards that the field of
supramolecular polymers as materials witnessed an unexpected 
expansion following the early examples described above.
Seminal contributions were made by Zimmerman, Leibler,
Craig, Bouteiller, Zhang, Binder and Long, just to name a
few.

Almost simultaneously with the
first UPy-based polymers, Rebek published the 
strong association between urea substituted 
calix(4)arenes to design ‘polycaps’
(polymeric capsules) formed from monomers 
that contain two covalently linked calix(4)arene
tetra-ureas. In chloroform, the polymers are 
formed reversibly, as was shown by 
depolymerization upon the addition of mono-
functional chain-cappers.




















































