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Our research interests include the synthesis of functional nanosystems, controlled polymer architec-
tures and dynamic supramolecular assemblies through molecular recognition processes. The under-
lying theme of our research lies at the interface between synthetic organic efforts on small molecules
and macroscopic properties at the materials level, developing a macro-organic approach to chemistry.
Dynamic supramolecular self-assembly of materials will be an area of great importance in the coming
years, allowing for innovations in nanotechnology and at the biological and chemical interfaces.

We are particularly interested in exploring topics such as water-soluble and stimuli-responsive ma-
terials, controlling material morphologies and architectures both in solution and in the solid state
through rational design and a multi-step, hierarchical self-assembly process; several recent examples
are shown in Fig. 1. Supramolecular motifs we often exploit in our research are cucurbiturils (CB[n],
n = 5–8, 10), which are macrocyclic molecules that consist of n number of glycoluril units. These
barrel-shaped host molecules are capable of encapsulating guest molecules inside their cavities via a
stable yet dynamic complex. [Chem. Soc. Rev., 2012, 41, 6195]

Figure 1: An overview of the Scherman group’s recent research interests.

We were also the first to reveal that the essential driving force for the high-affinity binding exhibited
by cucurbit[n]urils is related to the release of high-energy water trapped inside of the cavity [J. Am.
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Chem. Soc. 2012, 134, 15318]. On account of the larger CB[8] cavity, two guest molecules can be
encapsulated simultaneously and tightly as a ternary complex. Given its unique host-guest binding
performance, we have reported the use of CB[8] mediated ternary complexes as a linking modality to
fabricate supramolecular polymers [J. Am. Chem. Soc. 2013, 135, 11760]; supramolecular polymeric
hydrogels [J. Am. Chem. Soc. 2012, 134, 11767; J. Am. Chem. Soc. 2012, 132, 14251], microcap-
sules [Science 2012, 335, 690; Nat. Commun. 2014, 5, 5772], single polymer chain nanoparticles [
Angew. Chem. Int. Ed. 2012, 51, 4185; Chem. Sci. 2012, 3, 2278] and polymeric raspberry colloids
[ Angew. Chem. Int. Ed. 2014, 53, 2166]. We also recently established facile CB[n]-based SERS
sensing, which represents the first SERS-based supramolecular system with multiplexing abilities in
aqueous media [Sci. Rep. 2014, 4, 6785].
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Project 1 Supramolecular Dyes from 2:2 CB[8]-Viologen Quaternary Complexes

Supervisor: Dr Guanglu Wu (gw372@cam.ac.uk)

Cucurbit[n]uril (CB[n]) are a family of synthetic macrocyclic host molecules capable of encapsulating
a wide range of organic guests in aqueous solution with exceptional affinity [Chem. Rev. 2015, 115,
12320]. Among cucurbituril homologues, CB[8] is versatile on account of its ability to form ternary
complexes by accommodating two different guests [Angew. Chem. Int. Ed. 2001, 40, 1526] or two
identical guests [J. Am. Chem. Soc. 2006, 128, 12574].

Recently, we have discovered another binding motif, which consists of 2:2 quaternary complexes with
two diarylviologens threaded into two CB[8] macrocycles as depcted in Fig. 2a. [J. Am. Chem. Soc.
2017, 139, 3202] The stacking of two diarylviologens in a highly conjugated conformation affords 2:2
quaternary complexes with unique photophysical properties, providing substantial new opportunities
to design complex functional assemblies and “supramolecular dyes”. For instance, the arylviologen
absorpsion exhibited a dramatic redshift up to 150 nm (Fig. 2c) upon forming quaternary complexes,
which led to significant colour change as shown in Fig. 2b.

Figure 2: Colour change of diarylviologen on account of 2:2 complexation with CB[8].

This part III project in “supramolecular dyes” will exploit the potential of this colourful system in-
volving:

• design, synthesis & characterisation of diarylviogens with various substituents, substitution
patterns, and symmetry;

• binding studies of diarylviogens with CB[8] in the formation of supramolecular dyes;

• characterisation of physical properties;

• and exploration of potential applications.

The diarylviogens will be synthesised by well-established Zinke chemistry. Complexation and bind-
ing will be studied by NMR titrations and with isothermal titration calorimetry (ITC). Typical charac-
terisation of physical properties include UV-vis and fluorescence spectroscopy as well as electrochem-
ical analysis (CV). The student will also have the opportunity to master other modern characterisation
techniques such as ion-mobility mass-spectrametry (IMMS) and circular dichroism (CD). If neces-
sary, straightforward molecular simulations or calculations may also be involved. The student will be
supervised by a senior postdoctoral scientist on a daily basis and guided by Prof. Scherman.
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Project 2 Self-assembly of Semiconducting and Plasmonic Nanoparticles: To-
wards Hybrid Nanosystems for Catalysis

Supervisor: Dr Kamil Sokolowski (ks623@cam.ac.uk)

Self-assembly of nanoparticles (NPs) is an efficient strategy for producing nanostructures with com-
plex, hierarchical architectures, which recently have been found to play a critical role in the devel-
opment of emerging technologies ranging from photovoltaics, optoelectronics and (photo)catalysis to
smart drug-delivery systems.

The main goal of this project is to develop multi-stimuli (i.e. light, pH, temperature) responsive
supramolecular systems based on semiconducting (quantum dots) and plasmonic (i.e. Au, Ag) NPs
and their subsequent use in the reversible, controlled assembly of hybrid inorganic-organic nano-
architectures in aqueous media. This will be accomplished by employing one of the most promising
self-assembly motifs based on the barrel-shaped cyclic oligomer of cucurbit[n]uril (CB[n]), which can
act as (i) molecular separator [Nature 2016, 535, 127] to control distances between nanoparticulate
building blocks, as well as (ii) can bind a variety of small molecules within their molecular cavity.
These guests are susceptible to external stimuli, i.e. redox-active derivatives of viologen (MV) and/or
photochromic molecules displaying light-control binding affinity towards CB[n] [Chem. Rev. 2015,
115, 12320].

Figure 3: Plasmonic nanocavity containing a dye molecule. a, Absorption spectra of methylene
blue in water, with (blue) and without (red) encapsulation in cucurbit[n]urils of different diameters
(dashed and solid red lines). Icons show individual molecules (in blue; line centred at ω0) and paired
molecular dimers (in red). b, Illustration of a methylene-blue molecule in cucurbit[n]uril, in the
nanoparticle-on-mirror geometry used here.

The project is highly interdisciplinary and the student will have a unique opportunity to be involved
in all parts of the research including (i) design and synthesis of nanoparticulate building blocks, (ii))
ultra-fine post-synthetic functionalisation of nanocrystals and (iii) tracking of dynamic processes at
interfaces ((i.e.)light-induced electron transfer processes, host-guest interactions). During the project
the student will gain broad theoretical knowledge and practical skills in the area of materials design
and synthesis and their characterisation by using state-of-the-art microscopic and spectroscopic tech-
niques (TEM and SEM microscopy; NMR, IR, UV-Vis, PL and EPR spectroscopy; time resolved
spectroscopies). The results of the project hold potential applications in materials science, energy
conversion, drug-delivery systems, as well as hybrid electronics and catalysis.
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