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Coordination Self-Assembly: 
From the Origins to the Latest Advances 

 
Makoto Fujita 

 
The University of Tokyo and Institute for Molecular Science 

 
Molecular self-assembly based on coordination chemistry has made an explosive development in 
recent years.  Over the last >25 years, we have been showing that the simple combination of 
transition metals with bridging organic ligands gives rise to the quantitative self-assembly of nano-
sized, discrete and infinite frameworks.  Representative examples include square molecules 
(1990),[1] square grid sheets (1994),[2] linked-ring molecules (1994),[3] cages (1995),[4] capsules 
(1999),[5] swellable networks (2002),[6] and tubes (2004)[7] that are self-assembled from simple 
and small components. Originated from these earlier works, current interests in our group focus on 
i) molecular confinement effects in coordination cages, ii) solution chemistry in crystalline porous 
complexes (as applied to “crystalline sponge method”; 2013),[6] and iii) and giant self-assemblies 
(Figure 1; 2016).[7] 

Figure 1. X-ray structure of M48L96 complex 
 
[1] M. Fujita, J. Yazaki, and K. Ogura,  J. Am. Chem. Soc. 1990, 112, 5645-5647. 
[2] M. Fujita, Y. J. Kwon, S. Washizu, and K. Ogura, J. Am. Chem. Soc. 1994, 116, 1151. 
[3] M. Fujita, F. Ibukuro, H. Hagihara, K. Ogura, Nature 1994, 367, 720. 
[4] M. Fujita, D. Oguro, M. Miyazawa, H. Oka, K. Yamaguchi, K. Ogura, Nature 1995, 378, 469-
471. 
[5] M. Fujita, N. Fujita, K. Ogura, and K. Yamaguchi, Nature 1999, 400, 52-55. 
[6] K. Biradha and M. Fujita, Angew. Chem. Int. Ed. 2002, 41, 3392-3395. 
[7] T. Yamaguchi, S. Tashiro, M. Tominaga, M. Kawano, T. Ozeki, and M. Fujita, J. Am. Chem. 
Soc. 2004, 126, 10818-10819. 
[8] Y. Inokuma, S. Yoshioka, J. Ariyoshi, T. Arai, Y. Hitora, K. Takada, S. Matsunaga, K. Rissanen, 
M. Fujita, Nature 2013, 495, 461-466. 
[9] D. Fujita, Y. Ueda, S. Sato, N. Mizuno, T. Kumasaka, M. Fujita, Nature 2016, 540, 563-566. 
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Covalent Chemistry Beyond Molecules 
 

Omar M. Yaghi 
 

Department of Chemistry, Kavli Energy NanoScience Institute, Berkeley Global Science Institute, 
University of California, Berkeley, California, USA 

 
Linking molecular building units by strong bonds to make crystalline extended structures (Reticular 
Chemistry) has given rise to metal–organic frameworks (MOFs) and covalent organic frameworks 
(COFs), thus bringing the precision and versatility of covalent chemistry beyond the atoms and 
molecules. [1-4] The key advance in this regard has been the development of strategies to 
overcome the “crystallization problem”, and the use of metal-oxide clusters as secondary building 
units to impart unprecedented structural robustness, high surface area, and permanent porosity. [5] 
To date, thousands of MOFs and COFs are made as crystalline materials. The molecular units thus 
reticulated become part of a new environment where they have (a) lower degrees of freedom 
because they are fixed into position within the framework; (b) well-defined spatial arrangements 
where their properties are influenced by the intricacies of the pores; and (c) ordered patterns onto 
which functional groups can be covalently attached to produce chemical complexity. The notion of 
covalent chemistry beyond molecules is further strengthened by the fact that covalent reactions 
can be carried out on such frameworks, with full retention of their crystallinity and porosity. MOFs 
are exemplars of how this chemistry has led to porosity with designed metrics and functionality, 
chemically-rich sequences of information within their frameworks, and well-defined mesoscopic 
constructs in which nanoMOFs enclose inorganic nanocrystals and give them new levels of spatial 
definition, stability, and functionality. The advent of COFs extends the field of organic chemistry 
beyond discrete molecules (0D) and polymers (1D) into “infinite” two and three dimensions. 
Molecular weaving, the mutual interlacing of long threads at the molecular level, was first 
accomplished in COF to make the true woven material. [6] This discovery combines the porosity 
and robustness of frameworks with mechanically deformable and stretchable capability. 
 

 
 
[1] O. M. Yaghi, G. Li, H. Li, Nature, 1995, 378, 703-706 
[2] H. Li, M. Eddaoudi, M. O'Keeffe, O. M. Yaghi, Nature, 1999, 402, 276-279. 
[3] A. P. Côté, A. I. Benin, N. W. Ockwig, A. J. Matzger, M. O'Keeffe, O. M. Yaghi, Science, 2005, 310, 
1166-1170. 
[4] H. M. El-Kaderi, J. R. Hunt, J. L. Mendoza-Cortés, A. P. Côté, R. E. Taylor, M. O'Keeffe, O. M. 
Yaghi, Science, 2007, 316, 268-272. 
[5] H. Li, M. Eddaoudi, T. L. Groy, O. M. Yaghi, J. Am. Chem. Soc., 1998, 120, 8571-8572. 
[6] Y. Liu, Y. Ma, Y. Zhao, X. Sun, F. Gándara, H. Furukawa, Z. Liu, H. Zhu, C. Zhu, K. Suenaga, P. 
Oleynikov, A. S. Alshammari, X. Zhang, O. Terasaki, O. M. Yaghi, Science, 2016, 351, 365-369. 
 



 3 

Materials Beyond Cyclodextrins 
Emergence Opens Up a Whole New World of Wonders 

 
Sir James Fraser Stoddart  

 
Department of Chemistry, Northwestern University, Evanston, USA 

 
During the past decade members of my research group have made two momentous discoveries in 
the area of carbohydrate materials, each having the potential to become a ‘disruptive technology’ 
for environmentally friendly products and sustainable processes. The two materials, both of which 
incorporate cyclic sugars known as cyclodextrins (CDs), are readily available from starch and are 
inexpensive and environmentally benign. Promising as these materials are for technologies 
ranging from food processing to gold mining, they also constitute exquisite examples of molecular 
self-assembly processes, aided and abetted by molecular recognition where: (i) the four-fold g-CD 
molecular symmetry with eight glucose units orchestrates the spontaneous formation of the first 
edible metal-organic frameworks (MOFs) containing alkali metal (M+) cations, and (ii) the selective 
second-sphere coordination of potassium tetrabromoaurate (KAuBr4) by α-CD, with its six glucose 
units, leads to the selective bulk separation of the gold salt by precipitation, even in the presence 
of other precious metals. The secret behind the CD-MOF formation is the simultaneous 
coordination of M+ ions to both primary and secondary g-CD toroidal faces, promoting the 
assembly of (g-CD)6 cubes linked in an infinite 3D network. Crystallization under mild conditions 
yields CD-MOF cubes having dimensions of up to 5 mm, where the extended molecular structures 
are retained even upon evacuation to yield a highly porous material capable of accommodating 
small molecules in its pores. In the case of CO2, highly selective uptake is shown to involve 
reversible formation of carbonic acid under Le Chatelier-like control at 25 ᵒC. The same CD-MOFs 
also serve as chiral stationary phases for the chromatographic separation of flavors and 
fragrances, as well as separating aromatic compounds such as xylene isomeric mixtures. Initially 
following the discovery of CD-MOFs, we assumed that the nature of the anion accompanying the 
M+ cations was of little or no significance. Not so! We discovered that when the anion is AuBr4

–, a 
3D channel-like superstructure results, wherein the gold-containing anions are interspersed along 
the CD units. The key enabling discovery came when we observed that, when dilute aqueous 
solutions of KAuBr4

– and α-CD are mixed under ambient conditions, an off-white precipitate forms 
in near-quantitative yield. X-Ray diffraction characterization of the resulting complex, 
{[K(OH2)6][AuBr4]/(α-CD)2}, revealed a superstructure embodying a perfect lock-and-key 
component match that drives the precipitation of the gold-bearing adduct. Transmission electron 
microscopy showed that the precipitate is composed of high-aspect ratio nanowires having lengths 
in the tens of micrometers range. This discovery heralds a potential game-changer for recovering 
elemental gold from ores to electronic waste. The gold isolation process is simple, selective, 
scalable, and cost-efficient. The only requirement prior to the addition of α-CD is that the gold-
bearing materials be dissolved in aqueous KBr and Br2 solutions, which are relatively safe to 
handle, unlike the current cyanide-based leaching process used in 83% of the world’s gold 
production.  
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Nanostructured materials by covalent self-assembly 
 

Kimoon Kim 
 

Center for Self-assembly and Complexity, Institute for Basic Science, Pohang, Korea, 
and Department of Chemistry, Pohang University of Science and Technology, Pohang, Korea 

  
One of the most exciting developments in chemistry during the last two decades is construction of 
nanostructured objects or materials from small building blocks by self-assembly. However, most of 
these studies utilize weak noncovalent interactions between building blocks, which allow a 
reversible process ultimately leading to the formation of thermodynamically most stable species. 
Some years ago, we reported the direct synthesis of nanometer–sized polymer hollow spheres 
without needs for any pre-organized structures or templates, and core-removal. In this work, flat 
and rigid–core tectons with multiple functional groups isotropically predisposed in all directions 
were cross–linked with linear linkers through irreversible covalent bond formation. These polymer 
capsules are useful in many applications including targeted drug delivery, photodynamic therapy, 
catalysis, and imaging.  Extending this work, we also demonstrated the synthesis and isolation of 
micrometer–scale 2D polymer sheets of single–molecular thickness, which may find interesting 
applications including separation, optoelectronics and sensor. This strategy has also been 
extended to synthesize other nanostructured materials including hollow nanotubular toroidal 
polymer microrings. These are rare examples of covalent self-assembly under kinetic control [1], 
and some of recent progress will be presented. 
 
[1] K. Baek et al. Acc. Chem. Res. 2015, 48, 2221. 
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Understanding Electrofreezing at the Molecular Level with 
Pyroelectric Crystals 

 
Meir Lahav 

 
Weizmann Institute of Science, Rehovot, Israel 

 
with D. Ehre, S. Curland, E. Meirzadeh, I. Lubomirsky, Weizmann Institute of Science 

Ch. Allolio, D.Harris, Hebrew University of Jerusalem 
 

Pyroelectric crystals are useful systems for the elucidation of structures and functions of 
materials.[1] I shall illustrate in this lecture their use for the determination of the mechanism of 
electrofreezing on the molecular level. Electrofreezing of super-cooled water, discovered at the 19th 
century is of topical importance in the pure and applied sciences. Yet, the mechanism of this 
process at the molecular level remains unsettled. In early studies we reported that polar 
pyroelectric crystals induce ice nucleation at temperatures higher by 3-5˚C in comparison to icing 
induced by analogous non-polar materials.[2] 

More recently, by the application of polar crystals, we discovered that the temperature of super 
cooled water is augmented on positively charged surfaces, whereas reduced on negatively 
charged.[3] Consequently we observed the occurrence of pyroelectric currents, which flow on 
hydrophilic faces residing parallel to the polar axes of the amino acids L-cysteine, DL-alanine, L-
aspartic acid, D-4-hydroxyphenylglycine and LiTaO3.[4,5] This pyroelectric current can be 
cancelled when linking the hemihedral faces of those crystals with a metallic conductive paint. 
However, no such currents are observed on analogous hydrophobic surfaces. Consequently, by 
comparing the icing temperatures, measured exactly on the same surface, in the presence and the 
absence of the electric current, the effect of the pyroelectric charges on the icing temperature 
could be isolated from other factors.  These studies suggested that the charges responsible for ice 
nucleation are OH- ions, which migrate towards and consequently incorporate within the aqueous 
Debye layers residing near the positive charged surfaces. Subsequently, proton ordered ice-like 
nuclei of the required size, as needed for triggering the icing, are created. These results were 
supported by molecular dynamics simulations, which suggest that electrofreezing is a chemical 
process affected by OH- ions.[5] Moreover, in recent studies we demonstrated that the pyroelectric 
effect operates also in the icing on AgI, used for the glaciation of warm clouds.[6] 

 
 
[1] E. Meirzadeh, I. Weissbuch, D. Ehre, M. Lahav, I. Lubomirsky, Acc. Chem. Res. 2008 in press. 
[2] M. Gavish, J.-L. Wang, M. Eisenstein, M. Lahav, L. Leiserowitz.  Science, 1992, 256, 815. 
[3] D. Ehre, E. Lavert, M. Lahav, I. Lubomirsky, Science, 2010, 327,672.  
[4] A. Belitzky, E. Mishuk, D. Ehre, M. Lahav, I. Lubomirsky. J. Phys. Chem. Lett. 2016, 7, 43−46.  
[5] S. Curland, Ch. Allolio, E. Meirzadeh, I. Weissbuch, D. Ehre, D. Harries, M. Lahav, I. 
Lubomirsky. Submitted. 
[6] S. Curland, E. Meirzadeh, H. Cohen, J. Majer, D. Ehre, M. Lahav I. Lubomirsky. Angew. 
Chemie. 2018, DOI: 10.1002/anie.201802291. 
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Designing, Describing and Disseminating New Materials using 
the Network Topology Approach 

 
Lars Öhrström 

 
Department of Chemistry and Chemical Engineering 

Chalmers University of Technology, Gothenburg, Sweden 
 
This talk will describe how network topology analysis is applied to different fields of solid-state 
chemistry, especially Metal-Organic Frameworks (MOFs), but also group 14 allotropes and related 
compounds, ice polymorphs, zeolites, supramolecular (organic) solid-state chemistry, Zintl phases, 
and cathode materials for Li-ion batteries.[1] Recent IUPAC recommendations and ongoing work 
on the terminology and nomenclature of MOFs will also be discussed.[2] Finally I will mention how 
metal−organic frameworks challenge our perceptions about the properties of crystalline 
materials.[3] 

 
Image: A complicated silver(I) compound with thousands of atoms in the unit cell reduced to one 
single geometrical object, the srs-net, improving understanding and communication of the 
structure. Instead of describing the structure by 96 individual coordination entities comprising Ag(I) 
ions, large organic ligands and nitrate counter ions, we can use twelve interpenetrating srs-nets.[4] 
 
[1] (a) Designing, Describing and Disseminating New Materials Using the Network Topology 
Approach, L. Öhrström, 22, 13758–13763, Chemistry a European Journal, 2016, (b) Let’s talk 
about MOFs – Nomenclature and Terminology of Metal-Organic Frameworks and Why We Need 
them, L. Öhrström, Crystals, 5, 154-162, 2015. 
[2] (a) Terminology of Metal-Organic Frameworks and Coordination Polymers (IUPAC 
Recommendations 2013), S. R. Batten, N. Champness, X.-M. Cheng, J. Garcia-Martinez, S. 
Kitagawa, L. Öhrström, M. O’Keeffe, M. Paik Suh, J. Reedijk, Pure and Applied Chemistry, 85, 
1715-1724, 2013, (b) Deconstruction of Crystalline Networks into Underlying Nets: Relevance for 
Terminology Guidelines and Crystallographic Databases, C. Bonneau, M. O’Keeffe, D. M. 
Proserpio, V. A. Blatov, S. R. Batten, S. A. Bourne, M. Soo Lah, J-G. Eon, Stephen T. Hyde, Seth 
B. Wiggin, Lars Öhrström, Crystal Growth & Design, in press, 2018, (c) For ongoing projects, see: 
https://iupac.org/projects/project-details/?project_nr=2011-035-1-800 and 2014-001-2-200.  
[3] Framework Chemistry Transforming our Perception of the Solid State, L. Öhrström, ACS 
Central Science, 2017, 3, 528–530. 
[4] Topology Analysis Reveals Supramolecular Organisation of 96 Large Independent Complex 
Ions into one Geometrical Object, M. A. M. Abu-Youssef, S. Soliman, M. M. Sharaf, J. Albering, 
and L. Öhrström, CrystEngComm, 18, 1883-1886, 2016. 
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Computational Design of Functionalized Metal–Organic 
Framework Nodes for Catalysis 

 
Laura Gagliardi 

 
Department of Chemistry, Chemical Theory Center, and Supercomputing Institute,  

University of Minnesota, Minneapolis, Minnesota 55455-0431, United States 
 

Metal-organic frameworks (MOFs) are attracting the attention of many scientists because of their 
high selectivity in gas separations, catalytic activity, and magnetic properties. We have combined 
theory and experiment to understand the activity of metal catalysts supported on Zr6 nodes in 
metal–organic frameworks (MOFs) for reactions related to natural gas conversion, like catalytic 
oligomerization of abundant C1, C2, and C3 hydrocarbons to longer congeners or selective 
oxidation to alcohols or other fuel molecules, while avoiding overoxidation to water and carbon 
dioxide. For Ni and Co,[1,2] computational studies provide important insights with respect to the 
catalytic mechanism(s) for observed ethylene dimerization after metal-decoration of the MOF NU-
1000. Rh complexes have been installed on the Zr6 nodes of not only NU-1000, but also the 
related metal–organic framework UiO-67, and the zeolite DAY; influences of the supports on 
ethylene hydrogenation and dimerization have been assessed.[3] A library of transition metals 
(TMs), ranging from first row TMs to noble metals, is now being screened computationally to 
search for optimal catalysts, and structure-function relationships are beginning to emerge from this 
theory-driven approach.[4] 

[1] V. Bernales, A. B. League, Z. Li, N. M. Schweitzer, A. W. Peters, R. K. Carlson, J. T. Hupp, C. J. 
Cramer, O. K. Farha, and L. Gagliardi, Computationally-Guided Discovery of Catalytic Cobalt-
Decorated Metal–Organic Framework for Ethylene Dimerization, J. Phys. Chem. C., 120, 23576–
23583 (2016). 
[2] J. Ye, L. Gagliardi, C. J. Cramer,  D. G. Truhlar, Single Ni atoms and Ni4 clusters have similar 
catalytic activity for ethylene dimerization J. of Catalysis, 354, 278-286 (2017). 
[3] V. Bernales, D. Yang, J.Yu, G. Gümüsļü, C. J.Cramer, B. C. Gates, and L. Gagliardi Molecular 
Rhodium Complexes Supported on the Metal-Oxide-Like Nodes of Metal Organic Frameworks and on 
Zeolite HY: Catalysts for Ethylene Hydrogenation and Dimerization  ACS Appl. Mater. 9, 33511–33520 
(2017). 
[4] M. C. Simons, M. A. Ortuño, V. Bernales, C. J. Cramer, A. Bhan, and L. Gagliardi, C–H Bond 
activation on bimetallic two-atom Co-M oxide clus-ters deposited on Zr-based MOF nodes: Effects of 
doping at the molecular level ACS Cat. 8, 2864–2869 (2018). 



 8 

Diffusion NMR in Supramolecular Systems and Beyond     
 

Yoram Cohen  
   

School of Chemistry, The Sackler Faculty of Exact Sciences, and the Sagol School of 
Neuroscience, Tel Aviv University, Ramat Aviv, Tel Aviv 69978, Israel   

 
Diffusion NMR and diffusion ordered spectroscopy (DOSY) have developed into an important 
analytical tool which can assist in the characterization of supramolecular systems in solution.[1] In 
the lecture, after a brief introduction of the technique, we will present the contribution of diffusion 
NMR to the field of molecular cages and capsules concentrating more on hydrogen bond-based 
molecular capsules. The use of diffusion NMR in studying self-assembled polymers will be 
mentioned briefly. We will demonstrate the effect that exchange may have on the diffusion NMR 
results when diffusion is measured using the longitudinal eddy current delay (LED)-based 
sequences generally used in DOSY. Finally, we will introduce the angular double pulsed-field 
gradient (d-PFG) NMR sequence[2] and we will demonstrate how this sequence provides a mean 
to obtain microstructural information in dense micro-emulsions, plants and neuronal tissues.  

 
[1] a) Y. Cohen, L. Avram, L. Frish, Angew. Chem. Int. Ed. 2005, 44, 520-554. b) L. Avram, Y. 
Cohen, Chem. Soc. Rev. 2015, 44, 586-602.  
[2] P. P. Mitra, Phys. Rev. B 1995, 51, 15074-15078. 
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Lanthanide Organic Polyhedra 
 

Qing-Fu Sun 
 

State Key Laboratory of Structural Chemistry, Fujian Institute of Research on the Structure of 
Matter, Chinese Academy of Sciences, Fuzhou 350002, PR China 

 
Coordination cage compounds have received growing attentions in the last several decades 
because of their potential applications in molecular sensing, biomimetic catalysis, stabilization of 
fleeting species, drug-delivery et al. By employing the metal-driven assembly strategy, numerous 
of metallocages build with transition metals have been reported. However, coordination self-
assembly with lanthanide ions has seldom been reported due to their unpredictable and labile 
coordination numbers/geometries. Nevertheless, lanthanide ions have a lot of optical, 
electromagnetic and catalytic properties to offer to the aesthetically appealing 3D supramolecular 
assemblies. We are interested in the rare earth supramolecular chemistry, in particular the 
designed self-assembly and fine-tuned photophysical properties of multinuclear lanthanide-organic 
polyhedral (LOPs) complexes. Precise synthesis of a variety of LOPs with different molecular 
composition and geometrical configuration has been accomplished in our group recently.[1-2] 
Photophysical including chiroptical properties of the LOPs have been demonstrated, with proof-of-
concept applications such as high selective and efficient sensing toward biological relevant 
molecules/ions,[3-4] ion seperation,[5] single-molecular radiometric luminescent thermometers,[6] 
photosensitizers et al. We envisage these LOPs will find wide applications in the biomedical and 
material fields. 
 

 
Figure 1. Lanthanide supramolecular chemistry: Structure and function. 

 
 
[1] Yan, L.-L.; Tan, C.-H.; Zhang, G.-L.; Zhou, L.-P.; Bünzli, J.-C.; Sun, Q.-F. J. Am. Chem. Soc. 

2015, 137, 8550. 
[2] Li, X.-Z.; Zhou, L.-P.; Yan, L.-L.; Yuan, D.-Q.; Lin, C.-S.; Sun, Q.-F. J. Am. Chem. Soc. 2017, 

139, 8237. 
[3] Liu, C.-L.; Zhang, R.-L.; Lin, C.-S.; Zhou, L.-P.; Cai, L.-X.; Kong, J.-T.; Yang, S.-Q.; Han, K.-L.; 

Sun, Q.-F. J. Am. Chem. Soc. 2017, 139, 12474. 
[4] Liu, C.-L.; Zhou, L.-P.; Tripathy, D.; Sun, Q.-F. Chem. Commun.2017, 53, 2479. 
[5] Li, X.-Z.; Zhou, L.-P.; Yan, L.-L.; Dong Y.-M.; Bai, Z.-L.; Sun, X.-Q.; Diwu J.; Wang S.; Bünzli, 

J.-C.; Sun, Q.-F. Nature Commun. 2018, 9, 547. 
[6] Guo, X.-Q.; Zhou, L.-P.; Cai, L.-X.; Sun, Q.-F. Chem. Eur. J., (2018) DOI: 

10.1002/chem.201801132. 
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Concerted folding-and-assembly of short peptides via 
coordination 

 
Tomohisa Sawada 

 
Graduate School of Engineering, The University of Tokyo, 

7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan 
 
Folding and assembly are respectively intra- and inter-molecular processes for spontaneously 
generating well-defined protein structures in natural systems. However, in synthetic fields, such 
processes have been utilized independently for constructions of well-defined nanostructures to 
date. Recently, our research group have developed the folding-and-assembly strategy, in which 
short peptide fragments can self-assemble into a well-defined nanostructure through concerted 
processes of folding and assembly triggered by metal coordination. We propose this new synthetic 
strategy is especially useful for creating unique nanostructures with multiple peptide 
entanglements. In this presentation, a variety of unique nanostructures such as porous 
coordination networks composed of polyproline II helices,[1,2] interlocking molecules based on Ω-
shaped loops,[3,4] and others,[5] will be reported. 
 

 
 

[1] T. Sawada, A. Matsumoto, M. Fujita, Angew. Chem. Int. Ed. 2014, 53, 7228.  
[2] T. Sawada, M. Yamgami, S. Akinaga, T. Miyaji, M. Fujita, Chem. Asian J. 2017, 12, 1715. 
[3] T. Sawada, M. Yamagami, K. Ohara, K. Yamaguchi, M. Fujita, Angew. Chem. Int. Ed. 2016, 55, 

4519.  
[4] T. Sawada, Y. Inomata, M. Yamgami, M. Fujita, Chem. Lett. 2017, 46, 1119. 
[5] to be submitted. 
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Made in Israel: Metallo-Organic Materials and Devices  

 
Milko van der Boom 

 

Organic Chemistry, Weizmann Institute of Science, Rehovot, Israel 

Electrochromic coatings change color as a function of an applied potential. This interesting 
property is useful for various applications, including smart windows, color displays, and sensors. 
Fabricating low-cost electrochromic coatings that have appealing colors, and large optical 
contrasts, as well as long-term stability, remains an engineering challenge. Organic polymers, 
metal oxides, and liquid crystals have been promising candidates. Our molecular materials are 
based on structurally well-defined metal complexes that can be deposited from solution, offer a 
wide range of colors, and have metal-centered stable and reversible redox chemistry.[1-3] In this 
talk, the latest developments will be discussed. 

 
 
[1]   M. Lahav; M. E. van der Boom Adv. Mater. 2018, 1706641. Special Issue: Materials Science 

in Israel 
[2]  N. Elool Dov; S. Shankar; D. Cohen; T. Bendikov; K. Rehav; L. Shimon; M. Lahav; M. E. van 

der Boom J. Am. Chem. Soc. 2017, 139, 11471–11481. 
[3] S. Shankar; M. Lahav; M. E. van der Boom J. Am. Chem. Soc. 2015, 137, 4050-4053. 
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Molecular Face-Rotating Polyhedra 
 

Xiaoyu Cao 
  

College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, China 
 

In nature, protein subunits on the capsids of many icosahedral viruses form rotational patterns, and 
mathematicians also incorporate asymmetric patterns into faces of polyhedra. Here we use pro-
chiral truxene or tetraphenylethylene (Figure A, B) derivatives as building blocks to construct a 
series of molecular polyhedra with rotational patterns on faces, which we term as Face-Rotating 
Polyhedra (FRP). The relative stability of these polyhedra enables separation by chiral HPLC and 
full characterization. We investigate the assembly process and the kinetics of interconversion of 
the polyhedra by a combination of chiral HPLC, CD, MS and NMR. These FRP represent a special 
form of molecular chirality.  

 
Figure 1. Face-Rotating Polyhedra 

 
 
[1] Wang, X.-C.; Wang, Y.; Yang, H.-Y.; Fang, H.-X.; Chen, R.-X.; Sun, Y.-B.; Zheng, N.-F.; Tan, 
K.; Lu, X.; Tian, Z.-Q.; Cao, X.-Y.* Nat. Commun., 2016, 7, 12469. 
[2] Qu, H.; Wang, Y. *; Li, Z.-H.; Wang, X.-C.; Fang, H.-X.; Tian, Z.-Q.; Cao, X.-Y.* J. Am. Chem. 
Soc., 2017, 139, 18142. 
[3] Wang, Y.; Fang, H.-X.; Ionut, T.; Qu, H.; Wang, X.-C.; Markvoort, A. J.*; Tian, Z.-Q.; Cao, X.-Y.* 
Nat. Commun., 2018, 9, 488. 
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Orthogonal

Electrostatic repulsionLargest Smallest

Cofacial Dihedral
angle

Smart Soft Materials Fabricated under Nonequilibrated 
Conditions 

 
Takuzo Aida 

 
Department of Chemistry and Biotechnology, School of Engineering, The University of Tokyo, and 

Riken Center for Emergent Matter Science, Saitama, Japan 
 
Machine technology frequently 
puts magnetic or electrostatic 
repulsive forces to practical use, 
as in maglev trains, vehicle 
suspensions or non-contact 
bearings. In contrast, materials 
design overwhelmingly focuses 
on attractive interactions, such 
as in the many advanced 
polymer-based composites, 
where inorganic fillers interact 
with a polymer matrix to improve mechanical properties. However, articular cartilage strikingly 
illustrates how electrostatic repulsion can be harnessed to achieve unparalleled functional 
efficiency: it permits virtually frictionless mechanical motion within joints, even under high 
compression. Here we describe a composite hydrogel with anisotropic mechanical properties 
dominated by electrostatic repulsion between negatively charged unilamellar titanate nanosheets 
embedded within it. Crucial to the behaviour of this hydrogel is the serendipitous discovery of 
cofacial nanosheet alignment in aqueous colloidal dispersions subjected to a strong magnetic field, 
which maximizes electrostatic repulsion6 and thereby induces a quasi-crystalline structural 
ordering over macroscopic length scales and 
with uniformly large face-to-face nanosheet 
separation. We fix this transiently induced 
structural order by transforming the dispersion 
into a hydrogel using light-triggered in situ vinyl 
polymerization. The resultant hydrogel, 
containing charged inorganic structures that 
align cofacially in a magnetic flux, deforms 
easily under shear forces applied parallel to 
the embedded nanosheets yet resists 
compressive forces applied orthogonally. We 
anticipate that the concept of embedding 
anisotropic repulsive electrostatics within a 
composite material, inspired by articular cartilage, will open up new possibilities for developing soft 
materials with unusual functions. More recently, we reported a highly oriented thin film of a carbon 
nitride polymer, which shows anomalous mechanical responses to minute fluctuations in the 
ambient humidity. The lecture may also highlight selfhealable polymer glass recently published. 
[1] Q. Wang, J. L. Mynar, M. Yoshida, E. Lee, M. Lee, K. Okuro, K. Kinbara, and T. Aida, Nature 
2010, 463, 339–343. 
[2] M. Liu, Y. Ishida, Y. Ebina, T. Sasaki, and T. Aida, Nature Commun. 2013, 4, 2029. 
[3] M. Liu, Y. Ishida, Y. Ebina, T. Sasaki, T. Hikima, M. Takata, and T. Aida, Nature 2015, 517, 68–
72.  
[4] Y.-S. Kim, M. Liu, Y. Ishida, Y. Ebina, T. Sasaki, T. Hikima, M. Takata, and T. Aida, Nature Mat. 
2015, 14, 1002–1007. 
[5] H. Arazoe, D. Miyajima, K. Akaike, F. Araoka, E. Sato, T. Hikima, M. Kawamoto, T. Aida, 
Nature Mat. 2016, 14, 1002–1007. 
[6] Y. Yanagisawa, Y. Nan, K. Okuro, and T. Aida, Science 2018, 359, 72–76. 
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Sponsor pages 
 

Berkeley Global Science Institute 
 

 
 

Website: globalscience.berkeley.edu 
 
The ability to perform science and innovation is distributed unequally; only scientists from few 
countries have the means to address problems affecting the world (science exclusivity). 
Developing countries lack the reliability of a rigorous scientific culture. This is often perpetuated by 
the absence of strong scientific leadership and sustainable mentoring traditions, corruption and 
unethical scientific practices, lack of an idea generation system, or underdeveloped institutional 
foundations.  
The Berkeley Global Science Institute (BGSI) was established to address the ‘science exclusivity’ 
problem and to promote an even distribution of research capacity throughout the world. BGSI’s 
mission is to partner with institutions of learning abroad to establish freestanding centers of global 
science, in which emerging scholars can plug into impactful research that focuses on solving local 
problems before they become global. Each center of global science is founded upon a partnership 
with both a higher education institution and their respective local and national governments. Our 
activities at the local level involve: (i) establishing state-of-the-art research infrastructure; (ii) 
recruiting local, regional, and international research talent; (iii) preparing funding from local and 
national governments; (iv) establishing industrial collaborations; (v) producing high impact 
publications in prestigious journals and magazines; (vi) connecting local emerging scholars to the 
global science community; (vii) providing new opportunities for emerging scholars through 
mentorship; and (viii) using science as a language and tool for peace and prosperity. The research 
that is identified and developed is based on the host country’s societal priorities, but in all centers, 
research programs have focused on at least one of the following sectors: agriculture, education, 
environment, energy, or water. Through BGSI’s work, research programs have been initiated in 
various forms and to various extents in Vietnam, Indonesia, Malaysia, Argentina, Jordan, Saudi 
Arabia, Mexico, South Korea, China, Kuwait, United Arab Emirates, and Japan. In these places, 
>1000 international emerging scholars (students and early career researchers) have benefited 
from our partnership with >200 international emerging scholars benefiting from direct mentorship. 
As a result, >85 high impact research articles, many of which are in the most prestigious journals 
ever achieved by these countries, and patents have been jointly published in the last 5 years. 
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Why We Invent
AT MSD, WE ARE INVENTING FOR LIFE.

We are taking on many of the world’s most 
challenging diseases because the world 
still needs cures for cancer, Alzheimer’s 
disease, HIV, and so many other causes of 
widespread suffering in people and animals.

We invent to help people go on, 
unburdened, to experience, create  
and live their best lives.

Copyright © 2017 Merck Sharp & Dohme Corp., a subsidiary of Merck & Co., Inc., 
Kenilworth, NJ, USA. All rights reserved. 10/17
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