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Surfaces & Interfaces in Quantum Materials

Soft/Hard Interfaces & Microscopy

Characterization and Synthesis of 2D Materials
Jennifer DiStefano, Matthew Cheng, Yea-Shine Lee, Dr. Roberto dos Reis
Collaborators: Profs. M. Kanatzidis, C. Wolverton,  M. Hersam, K. Aydin, N. Stern, V. Chandrasekhar

Hierarchically Architectured Thermoelectrics
Jann Grovogui, Songting Cai, Dr. Roberto dos Reis
Collaborators: Profs. M. Kanatzidis, C. Wolverton, J. Snyder

Complex Nanoparticle Systems
Jingshan Du, Carolin Wahl
Collaborators: Prof C. Mirkin, C. Wolverton

Environmental Remediation
Dr. Vikas Nandwana, Stephanie Ribet, Benjamin Shindel, Yash More, Caroline Harms
Collaborators: A. Packman, W. Dichtel, O. Farha

Heteroanionic Materials
Dr. Hee Joon Jung, Chi Zhang, Dr. Roberto do Reis
Collaborators: Profs. M. Kanatzidis, K. Poeppelmeier, S. Haile, J. Rondinelli, T. Marks

Soft Microscopy
Kelly Parker, Chamille Lescott, Eric Roth, Dr. Reiner Bleher, Dr. Roberto dos Reis, Dr. Sonali Dhindwal
Collaborators: Profs M. Mrksich, C. Mirkin, L. Drummy, M. Jewett, R. Leapman, O. Farha, W. Dichtel

Materials for Energy & the Environment

Department of Materials Science & Engineering

Magnetic Nanostructures & MNS-Soft Interfaces
Dr. Vikas Nandwana, Cesar Villa, Chamille Lescott, Stephanie Ribet, Dr. Sonali Dhindwal, Eric Roth, Dr. Reiner Bleher
Collaborator: Profs E. Scott, T. Meade, C. Mirkin
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Visualization of complex structures (Rb2Bi8Se13)
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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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Analytical microscopy on polymer-
MNS composites: EDS mapping 
confirms association of Sulfur-based 
polymer & MNS

MNS intercalation between graphitic 
layers  improves the performance of 
battery anode material, visualized here 
with TEM

Biosensing, Energy Storage
Heavy Metal detection

Energy & Sensing

Size, Shape, and Composition Control

MNS Synthesis

Diagnostic Imaging and Therapy 

Biomedicine

Mass production of Nanostructures

Nanomanufacturing

The OHM sponge (oleophilic, hydrophobic, magnetic), a novel nanocomposite 
material developed by our group, can separate oil and water for oil spill cleanup. 
This platform technology can be used to address a multitude of other environmental 
problems, such as nutrient recovery and heavy metal remediation, with potential in 
many related areas.

Multimodal characterization of the sponge nanocomposites can provide insight into 
soft/hard interfaces, adsorption mechanisms, hydrophobicity, and hierarchical pores.

Figures showing the versatility of the smart sponge, as well as an adsorption 
isotherm for phosphate remediation.

Nandwana, V. et al. Ind. Eng. Chem. Res. 2020, 59 (23).

Twisted 2D materials can form 
moiré patterns giving rise to 
new structures and properties. 

Twisted Systems / Moiré Patterns
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Solid State Synthesis

Li et al. ACS Nano 2018

WS2-MoS2 heterostructures and MoS2 synthesized 
through various vapor deposition techniques.  

MoX2-WX2

Vertical Heterostructure  

CuCrP2S6

CuInP2S6

Metal Chalcophosphate 
systems (MIMIIP2X6) exhibit 
unique multiferroic responses.

Emerging 2D Materials

High Resolution Microscopy

HRTEM images of grain boundary with edge dislocation.

Murthy et al. Adv. Mat. 2019

In-situ Measurements

In-situ biasing across MoS2 grain boundary to 
study structural changes.

Murthy et al. ACS Nano. 2020

Advanced Microscopy

Experimental Simulated

+P1

Polarization in CuInP2S6

Illustration of crystal structure of off-mid-plane shift 
of Cu1+ ions. Experimental and simulated Position 
Averaged Convergent Beam Electron Diffraction 
(PACBED) patterns of CuInP2S6 showing break of 
symmetry in the out-of-plane direction. 

Piezoresponse Force Microscopy 
(PFM) on a CuInP2S6 flake 
showing FE domains with 
amplitude and phase profiles.

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

E = 5 keV STEM image 
simulations 
demonstrate improved 
contrast but reduced 
resolution with lower 
electron energy.

E = 10 keV E = 15 keV

• Understand, design, and tune 
hetero-anionic materials for 
wide application

• S/TEM techniques used to study 
the structure and composition 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

Above: HRSTEM images of BaFMn0.5Te

showing layered structure. Line A profile 
shows the distinguishable Ba and Te
positions; Lines B and C are intensity plot 
profiles along Mn and F rows. Right: 
Aberration-corrected HAADF image and 
ABF image with corresponding simulations 
reveal the structural complexity and 
nanoscale array of quasi-1D KMn6Bi5.

Jung, Hee Joon, et al. Nano letters (2019).
Chen, Haijie, et al. Jrnl of the Amer. Chem. Soc. (2019).

Du, J.S. et al. J. Am. Chem. Soc. 2018, 140.

Du, J.S. et al. Angew. Chem. 2017, 129.

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: 42 PhD graduates with
a variety of placements including:

• Current: 13 PhD students, including 5 co-advised with Professors C. Mirkin, M. Kanatzidis, E. Scott, and K. Poeppelmeier

• Research: h-index: 99; 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

Click here for video

vpd.ms.northwestern.edu
https://www.nsf.gov/news/mmg/mmg_disp.jsp?med_id=186525
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