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Surfaces & Interfaces in Quantum Materials Hierarchically Architectured Thermoelectrics
Dr. Songting Cai, Yukun Liu, Dr. Roberto dos Reis
Collaborators: Profs. M. Kanatzidis, C. Wolverton, J. Snyder

Complex Nanoparticle Systems
Carolin Wahl, Liban Jibril, Dr. Xiaobing Hu, Dr. Roberto dos Reis
Collaborators: Prof C. Mirkin, C. Wolverton

Stephanie Ribet, Benjamin Shindel, Jack Hegarty, Dr. Vikas Nandwana, Dr. Roberto dos Reis, 
Yash More, Caroline Harms Collaborators: O. Farha, A. Packman, W. Dichtel
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Visualization of complex structures (Rb2Bi8Se13)

C
ai

,S
.e

t
al

.C
h

em
.M

at
er

.(
2

0
2

0
)

Twin Boundaries Increase in Porous Bi0.5Sb1.5Te3+x

• Optimize thermoelectric performance via all-length-scale microstructural architecture
• S/TEM analysis to elucidate underlying principles of their formation and properties
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Chen, P.-C., Du, J.S. et al. J. Am. Chem. Soc. 2017, 139.

Investigating the 
formation mechanism 
of nanoparticles in 
polymer nanoreactors 
using windowless 
liquid-cell TEM

Formation of 
multimetallic
nanoparticles 
in polymer 
nanoreactors

Structural evolution of 
multicomponent metal oxide 

nanocrystals in polymer nanoreactors 

• Alumni: 45 PhD graduates with
a variety of placements including:

• Current: 11 PhD students, including 4 co-advised with Professors C. Mirkin, V. Backman, E. Scott, and K. Poeppelmeier

• Research: h-index: 107; over two dozen patents, including light-induced gas sensors, theranostic nanoparticles, and nanolithography

• Synergy: Developed NUANCE and SHyNE centers; ability to work closely with dozens of talented research scientists

• Outreach: Group members participate in and serve on the boards of a number of outreach activities, including GradSWE, BGSA, 
Junior Science Club, Letters to a Pre-Scientist, SHIP, MatSAIC, and MSSA; NSF-NNCI National Leadership; Chicago Area Museums

• Education: Course and curriculum development; hands-on labs as the norm; >1200 graduated microscopy students

Matthew Cheng, Yea-Shine Lee, Dr. Arslan Shehzad, Dr. Paul Masih Das, Dr. Roberto dos Reis 
Collaborators: Profs. M. Kanatzidis, C. Wolverton,  M. Hersam, K. Aydin, N. Stern, V. Chandrasekhar

We study the form-function relationships in novel van der Waals materials such as the 
metal chalcophosphates. By varying the stoichiometry, the measured properties such 
as magnetic susceptibility can be finely tuned.  

Novel 2D Heterostructures for Ferroic Applications

Within the Superconducting 
Quantum Materials and 
Systems (SQMS) Center, we 
study methods of 
characterizing and eliminating 
structural and chemical defects 
(left) that cause decoherence 
in transmon qubits (right) for 
emerging quantum computers.

Multidimensional Heterostructures
We create heterostructures with two 
dimensional materials, and an example 
is shown here. A silicon nanoparticle is 
encapsulated with MoS2 to study light-
matter interaction between the two 
systems.

Emerging Quantum Computing Devices

Understanding Growth Mechanisms of Layered Materials
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We investigate the various growth 
mechanisms of MXenes to explain 
the observed crystal structures.

We study novel 2D layered materials such 
as Cu2Te using liquid-solid assisted growth.
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Heteroanionic Materials
Chi Zhang, Dr. Roberto dos Reis
Collaborators: Profs. K. Poeppelmeier, S. Haile, M. Kanatzidis, J. Rondinelli, T. Marks

• Understand, design, and tune heteroanionic 
materials for wide applications

• S/TEM techniques used to study the 
structure of new compounds, determine the 
distribution and degree of order-disorder of 
two or more anions, and identify the 
positions of anions with atomic precision

• EELS techniques used for elemental analysis, 
particularly for light anions
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HRSTEM images of BiAgOSe TEM images and EELS analysis of Mo-N-O particles

Soft/Hard Interfaces & Advanced Microscopy

Soft Microscopy and          Automated Materials Discovery
Kelly Parker, Chamille Lescott, Carolin Wahl, Liban Jibril, Wing Shun Li, Eric Roth, Dr. Reiner Bleher, Dr. Roberto dos Reis
Collaborators: Profs M. Mrksich, C. Mirkin, L. Drummy, M. Jewett, R. Leapman, O. Farha, W. Dichtel
`

BF STEM, 30 kV

b

BF STEM, 20 kV

c

HAADF STEM, 15 kV

d

HAADF STEM, 10 kV

e

HAADF STEM, 5 kV

f

HAADF STEM, 

200 kV

a

STEM-in-SEM imaging of tetracutinase protein construct. 
Negative staining and low-voltage EM enhance contrast. 
a) Traditional STEM at 200  kV, 
b-f) STEM from 30 kV – 5 kV in an SEM 
with STEM detection. Scale bars 50 nm 
and 10 nm (insert). 

E = 5 keV

Top: STEM image simulations demonstrate improved contrast but 
reduced resolution with lower electron energy. Bottom: Simulated 4-
dimensional STEM with diffraction reconstruction, which reduces 
dose. Sufficient contrast at realistic dose using low-kV (5 kV) imaging. 
Scale bars 5 nm.

E = 10 keV E = 15 keV

103 e-/Å2DF ABF 10 e-/Å2DF ABF103 e-/Å2 10 e-/Å2

Polymer Self-Assembly
Chamille Lescott, Dr. Roberto dos Reis 
Collaborators: Profs Evan A. Scott

Varying sample 
preparation 
techniques can 
reveal the internal 
structure of self 
assembled polymer 
architectures. Higher 
beam doses open up 
pockets in the 
polymer structure 

Damage to the sample can be detected in the plasmon peak and appears as an 8-
10eV bump. The intensity of the damage feature increases with higher doses (right). 
Analytical EM allows for further analysis of electron damage of soft materials.

Negative Stained
PEG-PPS BCN

Dried BCN: Low Dose Dried BCN: High Dose

10 nm

Automating electron microscopy to enable 
high-throughput structural screening of 
nanomaterial megalibraries using 4D-STEM 
and EDS. (AgCu nanoparticle shown left)

Platform
Membrane 
Technology

Bare Fe Oxide Mn Ferrite Alumina Zn Oxide

Oil Spill Remediation Phosphate Remediation

Heavy Metal
Remediation

Micro/Nano
Plastics

Moisture-Driven 
Carbon Capture

Birth to Burial

Algorithm-aided counting of microparticles
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