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The discovery and development of self-assembling
and self-organizable dendrons, dendrimers, and
dendronized polymers

Virgil Percec ,⁄,a, Dipankar Sahoo ,a and Devendra SurendrakumarMaurya ,a

a Roy and Diana Vagelos Laboratories, Department of Chemistry, University of
Pennsylvania, Philadelphia, PA 19104-6323, USA

E-mail: percec@sas.upenn.edu (V. Percec)

Abstract. This account discusses the accidental discovery of self-assembling and self-organizable
dendrons, dendrimers, and dendronized polymers. Our laboratory never intended to make this dis-
covery. At the time of this finding, our laboratory was interested in developing a methodology to mimic
the self-assembly of helical rod-like and icosahedral or spherical viruses. An attempt to transform a
monotropic biaxial nematic (Nb) phase of a compound constructed from a combination of a half-disc
and a rod into an enantiotropic phase by attaching this building block as a side group to a polymer
led to a polymer coated with a helical dendritic jacket appearing as a primitive rod-like virus. Inves-
tigation of more and less complex variants of the half-disc and rod compound led to the discovery of
self-organizable dendrons, dendrimers, and dendronized polymers assembling into both helical rod-
like and spherical helices supramolecular dendrimers. The combination of a disc-like and a rod-like
compound that never exhibits the Nb phase was developed in France and published in this journal.
Our discovery provided an example in which an incorrect assignment of a phase led to a finding that
facilitated the development of several new unrelated research fields, all pioneered by self-assembling
and self-organizable dendrons, dendrimers, and dendronized polymers. We would like to use this
opportunity to thank the scientists who elucidated the structure and the mechanism of self-assembly
of viruses, the laboratory that developed the combination of disc-like and rod-like molecules, and the
scientists who asked us to investigate this molecule for providing the inspiration for this discovery.
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1. Introduction

This account discusses the discovery and the de-
velopment of self-assembling and self-organizable
dendrons, dendrimers, and dendronized polymers.
It also briefly illustrates similarities and diVerences

⁄Corresponding author

between covalent dendrimers and supramolecular
dendrimers by stressing the advantages and disad-
vantages exhibited by each of them. This article
provides a personal view of the corresponding au-
thor (VP) on this discovery. As the main author
(VP), I would like to state that our laboratory never
intended to make this discovery. Therefore, brief
stories that provided this accidental discovery are
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presented here. We were happy when the corre-
sponding author received the invitation from Anne-
Marie Caminade to write an account on dendrimers
in this special issue, and we decided to tell the story
of this discovery. Two reasons led to this decision:
(a) the French scientific community played a very im-
portant role in this discovery; (b) the most impor-
tant paper that led to this finding was also published
in this journal. Finally, I would like to make a few
comments about the rules I (VP) employed in writ-
ing this report. Searching by current electronic sys-
tems is very eYcient. However, this search could gen-
erate misleading results if authors did not use the
same words in their title and abstract that were em-
ployed during the electronic search. Therefore, we
used the rules of the late Professor Herbert Morawetz
when he wrote the most accurate and influential his-
tory of polymers in his book Polymers. The Origins
and Growth of a Science [1]. In the Preface to his
book, Herbert Morawetz made the following impor-
tant statement:

I found out quite quickly that there is
no substitute for reading every reference
cited—second-hand citations are incred-
ibly unreliable. Unfortunately, the insis-
tence on citing only publications I had
read has led undoubtedly to some neglect
of the Russian and Japanese contributions;
for this I apologize but it was a price I had
to pay if I was to cite only what I knew in
detail.

He also listened to recollections of many polymer sci-
entists from diVerent areas of research. One example
was Herman Mark. On talking about Mark, Herbert
Morawetz stated the following:

Throughout our association of more than
thirty years I had never seen so much of
him. Listening to his recollections was fre-
quently a revelation; his memory of events
lying back sixty years or more never ceased
to amaze me.

In addition to the two statements made by Herbert
Morawetz, I would like to add that an electronic
search of the literature can be not only extremely eY-
cient but also incredibly unreliable if diVerent names
are used for a certain structure. For example, in
the case of the discovery of covalent dendrimers,
on which I have written a brief article recently [2],
diVerent names in addition to the name dendrimer
were used by the four laboratories that pioneered this

field. Therefore, an electronic search of the literature
would have failed to find three of the four discover-
ers of covalent dendrimers. Only a careful and com-
plete reading of the literature enables documenting
discovery events. Covalent dendrimers were discov-
ered by synthetic organic chemists who published
their work in chemistry journals and in patents. How-
ever, credit was given to all of them regardless of
the diVerent names they used. Supramolecular den-
drimers were discovered at the interface among sev-
eral diVerent disciplines including molecular biology,
synthetic biology, chemistry, physics, crystallogra-
phy, and liquid crystals. Most of the scientists work-
ing on covalent dendrimers are not involved in these
fields. Therefore, the literature on liquid crystals was
not of interest to scientists working on covalent den-
drimers. Incidentally, our laboratory was and is ac-
tive in a large number of research fields including liq-
uid crystals. Therefore, this account tries to bridge all
disciplines that influenced the discovery process re-
ported here.

2. The inspiration

During the fall of 1982, my colleagues from the De-
partment of Physics at Case Western Reserve Univer-
sity in Cleveland, Ohio, invited me to attend a lecture
given by Professor Aaron Klug of the Laboratory of
Molecular Biology from Cambridge University [3,4].
His lecture was followed by a French dinner, which I
was also invited to attend. Professor Aaron Klug had
obtained his PhD in physics at Cambridge University
in the UK. After his PhD, he started to work with Ros-
alind Franklin in the Department of Physics led by
J. D. Bernal at Birkbeck College, University of London,
on the structure of viruses (Figure 1) [5]. Rosalind
Franklin had made important contributions to the
determination of the double helix of DNA and to the
elucidation of the structure of viruses [5–10]. Origi-
nally, I was hesitant to attend a lecture given by an
expert in physics rather than chemistry. However, the
invitation to the French dinner together with the lec-
turer convinced me to attend his presentation. A few
days after this event, Professor Aaron Klug received
the Nobel Prize for Chemistry for

his investigations of the three-dimensional
structure of viruses and other particles that
are combinations of nucleic acids with
proteins and for the development of the
crystallographic method of electron mi-
croscopy. [4]



Virgil Percec et al. 109

Figure 1. Rosalind Franklin (left), TMV model (center), and Aaron Klug (right). © Elliott & Fry and the National Portrait Gallery.
© MRC Laboratory of Molecular Biology.

“We aim to understand the functioning of
molecules through their structure”, stated Aaron
Klug while explaining his work [3]. The fact that
Aaron Klug was a physicist and received the Nobel
Prize in Chemistry was quite intriguing to me, so
I decided to read his Nobel lecture [4,11]. Almost
immediately, I became inspired by the self-assembly
and self-organization of viruses. I decided to develop
synthetic systems that could, at least in a primitive
way, mimic the structure(s) and the self-assembly
of viruses. I saw this as a fascinating new avenue
for research in my laboratory. However, for sev-
eral years, I struggled to find a viable approach to
tackle this challenge, which involved synthesizing
unknown non-biological molecules that behaved
like biological molecules and therefore self-assemble
and self-organize into helical rod-like and globu-
lar virus-like supramolecular architectures. Natural
viruses were fascinating to us since they were known
to form various liquid crystal lyotropic phases [12–
16]. Helical rod-like viruses were known to self-
organize into columnar hexagonal lyotropic liquid
crystalline phases while globular viruses generate
cubic periodic arrays. Crick and Watson stated that
it is a striking fact that all viruses are either rods or
spheres [17]. The structural characterization of crys-
talline and liquid crystalline periodic arrays of viruses
was provided by X-ray and by other diVraction
methods.

3. The scientific failure leading to the
discovery

During the early fall of 1987, Professor Alfred Saupe
from Kent State University visited my oYce on the
recommendation of our mutual friend Professor Hel-
mut Ringsdorf from the University of Mainz. Pro-
fessor Ringsdorf had suggested that Saupe reach out
to me for assistance in solving a synthetic scientific
problem. Saupe presented to me a paper by Jacques
Malthête and his collaborators [18] from College de
France who had reported a molecule constructed
from combining a half-disc with a rod (Scheme 1,
right). Malthête et al. had claimed that this molecule
exhibits a monotropic biaxial nematic (Nb) liquid
crystal phase. Malthête’s structure was inspired by a
concept advanced by the theoretical physicist Chan-
drasekhar (Scheme 1, left) [19,20]. A monotropic
phase refers to a phase that is metastable and is ob-
served only during cooling. Saupe discovered the
first Nb liquid crystal phase that was lyotropic and
diYcult to investigate [21]. Normal nematic (N)
molecules undergo translational and rotational mo-
tions while Nb molecules are expected to display
a more complex combination of motions. Saupe
was keen to transform the monotropic phase of the
Malthête et al. molecule into an enantiotropic state
in order to be able to explore and elucidate its physi-
cal properties including its motions.
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