
The Center for Hierarchical Emergent Materials (CHEM)

CHEM seeks to understand, control and predict the assembly of multi-hierarchical materials of industrial 
relevance.  Reinforced elastomers, paints, inks, biomaterials, surfactants, detergents and coacervates, semi-
crystalline polymers, block copolymers, catalysts, filters, membranes, skin.  Time dependence in 
processing/application, 4D.

Synergy:  Understanding, simulation methods, dynamic and static properties understood for one field of 
application could be adapted to another field.  Rheology simulation methods from polymers to detergents to 
paints.  

Parallelism and Convergence:  Similar solutions for different applications.  Aggregate pigments and aggregate 
reinforcing fillers both rely on micron scale networks in application.
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Designer Polymeric and Organic Materials
Computation-aid rational molecular design, chemical synthesis, and fabrication engineering 

Project 1: Thermally Insulating Additives Project 2: Patternable Surface Functionalization

Project 3: Polymers for Sustainable Pavement Project 4: Tailor-made Optical Materials

• Highly branched architecture
• Diverse atomic composition
• Porous hollow nano particles

• Instant robust thin film formation by photochemistry
• High density functional groups 
• Patterned surface functionalization via photomasks

• Interface adhesion engineering
• Versatile dopamine chemistry
• Excellent weatherability

• Instant robust thin film formation by photochemistry
• High density functional groups 
• Patterned surface functionalization via photomasks
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Larson group: Multi-Scale Modeling of the 
Rheology of Micellar Solutions

Entangled Network

http://www.ifnh.ethz.ch/vt/research/projects/vivianel
1023 degrees of freedom!
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Multiple Particles

Larson group: Multi-Scale Modeling of the 
Rheology of Latex Coatings

1 nm

100 nm

1 µm

1 m

“HEUR”: PEO chains with 
alkane end “stickers.”

R = C10 to C18 alkane

from Li et al. 2016 

10 nm
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Supraparticles: Hierarchical Assemblies of Nanoparticles

http://en.wikipedia.org/wiki/Micelle

Known: Micelles, organic 
components, 100 nm assemblies 

Versatile, Monodispersed, Robust, Catalytic, Inexpensive
Combined organic + inorganic + biological  functionalities

Emerging: Supraparticles, inorganic 
components, 100 nm assemblies  
made from  100-300 nanoparticles

Why:

Dispersable in both hydrophobic and hydrophilic media 
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Omnidispersable Hedgehog Supraparticles

Numerous catalytic materials can be assembled into  spiky shapes: ZnO,  FeSe, 
AuS, CdS,  SiO2, TiO2, Fe2O3, Co3O4, and many others.

They disperse equally well in hydrophobic and hydrophilic media due to 100 
times reduction in inter-particle van der Waals attractive forces. 

heptane hexane toluene
Dispersions of 

Hydrophilic ZnO
hedgehogs
in organic 

hydrophilic and 
Hydrophobic 

solvents
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Surfaces with Extreme Wettability
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Surfaces with Extreme Wettability

Prof. Anish Tuteja

Novel Ice-shedding Surfaces
Golovin et al., Science Advances, 2016; Science Advances, 2017; 

Golovin et al., Science, 2019 Monodisperse, multi-phasic particles

Kobaku et al., ACS Appl. 
Mater. Interfaces, 2015.

Kobaku et al., ACS 
Macro Letters, 2019



https://biointerfaces.umich.edu/






