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2022 MRS Spring Meeting 
& Exhibit celebrates 
materials research
mrsmeetingscene.org

By Judy Meiksin, Henry Quansah Afful,  
Xinzi He, Corrisa Heyes, Matthew Nakamura,  
Mohit Saraf, and Shubham Tanwar

The island of Oʻahu served as the per-
fect location for the first in-person 

MRS Spring Meeting since the begin-
ning of the COVID-19 pandemic. The 
2022 MRS Spring Meeting & Exhibit 
was graced with a traditional Hawaiian 
blessing at the opening ceremony and 
closed out with a luau. Among reasons 

The Meeting was held in-person in 
Honolulu on May 8–13, then continued 
with the Virtual Experience on May 
23–25. Tutorials complemented the 71 
symposia, grouped into nine topical 
clusters, with joint symposia and ses-
sions organized with The Japan Society 
of Applied Physics, The Korean Insti-
tute of Metals and Materials, MRS-
Korea, MRS-Singapore, and The Poly-
mer Society of Korea. This year’s panel 
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Hawai‛i offers a great location for a joint Meeting with sister 
societies in Japan, South Korea, and Singapore.

The 2022 Materials Research Society (MRS) 
Spring Meeting & Exhibit was graced with a 
traditional Hawaiian blessing at the opening 
ceremony.

to celebrate is that the 
Meeting Chairs—Manish 
Chhowalla (University 
of Cambridge), Eunjoo 
Jang (Samsung Electron-
ics), Prineha Narang  
( H a r v a r d  U n i v e r -
sity), Tsuyoshi Seki-
tani (Osaka University), 
and Vanessa Wood (ETH 
Zür ich)—coord ina ted 
with sister societies in 
Japan, South Korea, and 
Singapore to present joint 
symposia and sessions. 
The purpose was to share 

and discuss research across the Pacific 
Rim, provide networking opportunities, 
and grow a higher level of support and 
awareness for materials research and 
innovation. With over 5300 attendees—
rendering this among the largest MRS 
Spring Meetings—the partnership was 
a success!
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discussions included “Materials Needs 
for Energy Sustainability by 2050: Is 
Hydrogen the Fuel of the Future?” and 
“40 Years of Semiconductor Research 
Corporation and 2030 Decadal Plan 
for Semiconductors,” plus the Meeting 
offered numerous professional develop-
ment opportunities.

Scientific highlights
In Symposium CH03—Advances in In 
Situ and Operando TEM Methods for 
the Study of Dynamic Processes in 
Materials—a joint symposium with 
MRS-Singapore—Judy Cha, the Carol 
and Douglas Melamed Associate Pro-
fessor in the Department of Mechani-
cal Engineering and Materials Science 
at Yale University, gave a presentation 
on “In Situ TEM Studies of Microstruc-
ture Control During Nanoscale Phase 
Transformation.” Phase transformation 
in nanoscale materials often differs from 

what is observed in 
their bulk coun-
terparts owing to 
differing kinetics 
and thermodynam-
ics of the transition 
at these scales. In 
situ transmission 
electron microscopy 
(TEM) techniques 
make it possible to 
track the nucleation 
and growth kinet-
ics in these materi-
als. Knowledge of 
the kinetics helps 
to control the phase 
transformation and 
resultant microstruc-
ture. TEM studies 

revealed that the crystallization tempera-
ture of  <50-nm-diameter wires of metal-
lic glasses is much higher than in the 
bulk and attributed this to the absence 
of preexisting nuclei. Cha showed that 
the critical cooling and heating rates for 
transformation in these materials over-
lap at these small scales compared to 
being distinguishable in the bulk. Cha 
also demonstrated, using TEM, that the 
growth is 20 times slower when cooling 
from 900°C to 420°C than when heat-
ing from 20°C to 420°C. In situ TEM 
can also be used to study the nanoscale 
nucleation and growth pathways in con-
densed-matter systems. Understanding 
and controlling the nucleation density 
opens up several applications for these 
materials.

Plants are as living as humans and 
need to be healthy for their proper 
functioning. By developing sensors 

MRS President Carolyn R. Duran of Intel (right) introduces Ple-
nary speaker Sossina M. Haile of Northwestern University who 
presented The Fred Kavli Distinguished Lectureship in Materials 
Science.

that can monitor their health, steps can 
be taken that can improve the yield and 
quality of bio-products. Sugar is one 
of the most critical components that 
dictate health and growth. The desired 
sensor needs to be minimally invasive 
and should be able to provide real-time 
monitoring; simultaneously, being 
cheap can improve the adaptability and 
widespread use of the technology. In 
Symposium EQ03 on Next-Generation 
Organic Semiconductors—Materials, 
Fundamentals and Applications, Eleni 
Stavrinidou, an associate professor 
from Linköping University, presented 
transistor-based health monitor devices 
that can be interfaced with plants. They 
can also control their physiology. For 
example, when plants are stressed  
in drought-hit areas, the developed  
bioelectronics devices can release  
biomolecules that help close their pores 
to prevent water loss and relieve stress. 
With the increased risk of climate  
change and growing population, these 
sophisticated tools can help plants 
increase their productivity.

Also in Symposium EQ03—organ-
ized jointly with The Japan Society of 
Applied Physics—University of South-
ern California professor Barry Thomp-
son presented a two-pronged proposal 
for decreasing environmental impact 
of generating conjugated polymers by 
increasing the sustainability of direct 
arylation polymerization (DArP). The 
conventional process involves the use 
of toxic solvents (e.g., toluene, xylenes, 
mesitylene, and PhCl). Thompson pro-
posed to use aromatic solvents like 
p-cymene that have a much higher 
boiling point, are not peroxide forming, 
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and are very effective for conjugated 
polymer processes. The conventional 
process involves (rare/expensive) pal-
ladium as a catalyst. First, his research 
group thought to replace the palladium 
catalyst with copper; however, the use 
of a copper catalyst is not well-enough 
understood. His further suggestions 
included a shift to a heterogeneous 
process in order to be able to reuse the 
palladium catalyst. Experimental data 
support a 90%+ recyclability of the 
palladium when used with traditional 
solvents, which does not work with 
p-cymene due to its non-polarity. In 
future work, Thompson’s group will 
address combining these proposed alter-
native options.

In Symposium 
SF06 on Recent 
Advances in Struc-
tural Materials from 
Bulk to Nanoscale, 
organized jointly 
with The Korean 
Institute of Metals 
and Materials, Seoul 
National University 
professor Heung 
Nam Han presented 
a combined finite 
e lement ,  neura l 
network (FE-NN) 
method for mode-
ling plasticity prop-
erties of anisotropic 
metals based on 
spherical and Knoop 
indentation. Tensile 
and plasticity testing 

is both high-cost and destructive of the 
sample. Conversely while instrumented 
indentation testing (IIT) has a reliability 
issue and numerical inverse analysis is 
generally computationally expensive, 
the marriage of the two has shown 
good agreement with uniaxial plastic 
curves from traditional tensile testing. 
This FE-NN method provides a robust 
modeling capability for IIT data. Knoop 
indentation is noted to be more effective 
than spherical due to the variability of 
measurements based on the associated 
indentation axis. Although this work is 
currently focused specifically on single 
phase, anisotropic alloys, future work 
aims to expand to include a broader 
range of materials.

MRS hosted the traditional MRS Award Recipients Lightning Talks 
and Panel Discussion with (left to right) Annamaria Petrozza of the 
Istituto Italiano di Tecnologia (Innovation in Materials Characteriza-
tion Award), Prineha Narang of Harvard University (Outstanding 
Early-Career Investigator Award), Aditya Sood of the SLAC National 
Accelerator Laboratory (MRS Postdoctoral Award), Molly M. Ste-
vens of Imperial College London (Mid-Career Researcher Award), 
and Kwadwo Osseo-Asare of The Pennsylvania State University 
(MRS Impact Award).

Photopolymer additive manufactur-
ing (PAM) offers an exciting route for 
three-dimensional (3D) printing dif-
ferent products in numerous industries 
owing to its versatility in the materi-
als-applications space. However, light 
sources being used in different PAM 
technologies lack the precision required 
to accurately study photopolymeriza-
tion during printing. Recent research has 
demonstrated that during printing, varia-
tions in exposure of various surfaces to 
light can negatively impact polymeriza-
tion and the resultant properties of the 
printed part. It is therefore crucial that 
the individual pixels of the light source 
are well characterized to ensure effective 
polymerization and enhanced materials 
properties. Callie Higgins, a materials 
research engineer at the US National 
Institute of Standards and Technology, 
developed a light-engine that incorpo-
rated atomic force microscopy (AFM) 
to understand in situ properties of the 
print because it has the desired lower 
temporal and length scales required for 
studying the polymerization process. 
The AFM afforded the study of modu-
lus and damping capacity at the exact 
location of prints, and this also helped 
detect polymerization tens of microm-
eters away from the light source. “The 
setup we designed provides in situ infor-
mation on the exact location of prints 
and as such renders itself useful to the 
modeling community,” Higgins said 
during her presentation in Symposium 
DS02 on Advanced Manufactured Mate-
rials—Innovative Experiments, Compu-
tational Modeling and Applications.
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Some face-centered-cubic (fcc) 
high-entropy alloys (HEAs) possess 
high strength and ductility at low tem-
peratures in addition to high fracture 
toughness. In Symposium SF09—High 
Entropy Materials II—From Fundamen-
tals to Potential Applications, Haruy-
uki Inui of Kyoto University pointed 
out that single-crystal mechanical data 
are useful in tracking the correlations 
between various parameters and these 
mechanical properties. He introduced 
one such parameter—the mean square 
atomic displacement (MSAD)—as a use-
ful predictor of the mechanical behavior 
in these HEAs. Inui demonstrated that 
the MSAD is independent of the number 
of elements in HEAs but rather depends 
on the elements constituting the alloy. 
Part of the reason is that the MSAD has a 
strong correlation with increasing atomic 
number. Also, MSAD values can be used 
to predict the strength of these HEAs 

because of a strong 
correlation between 
these, but there has 
to be further modi-
fication to ensure 
it predicts the right 
order of increase in 
strength. The critical 
resolved shear stress 
in these alloys tested 
had both tempera-
ture and strain-rate 
dependence simi-
lar to observations 
in typical fcc solid 
solutions. CrCoNi 
was the strongest of 
the alloys.

In Symposium EQ04 on Advanced 
Soft Materials and Processing Concepts 
for Flexible Printed Optoelectronic 
Devices and Sensors, Unyong Jeong of 
Pohang University of Science and Tech-
nology discussed advances in stretch-
able nanomaterials able to provide tac-
tile functionality with pressure-sensing 
capabilities for applications in bio-
interfaces and gentle-touch robotics. 
These “synthetic skins” can be utilized 
in place of conventional rigid devices, 
even under deformation conditions 
where more general materials would 
either fail or underperform. Addition-
ally, the associated groundwork for 
integration into more complex systems 
was addressed with a primary focus 
on providing a deeper understanding 
of the hardware aspects of this emerg-
ing technology. Next steps include a 
study of manufacturing constraints and 
scalability.

Various materials properties have 
been successfully predicted using 
first-principles ab initio calculations. 
For more complex properties such as 
higher order responses, this approach 
is not tenable due to the immense 
computational time required. Machine 
learning (ML) offers a more viable 
route to address this need but a lot of 
data—which are not available for these 
complex properties—are required for 
more accurate predictions. Gian-Marco 
Rignanese of Université Catholique 
de Louvain addressed this problem by 
developing a new ML framework that 
relies on little data. This framework, 
Materials Optimal Descriptor Network 
(MODNet), is a feedforward neural 
network that predicts target materials 
properties such as vibrational entropy 
by identifying meaningful physical 
features that correlate well with the 
target property. By highlighting the 
most important features, the underly-
ing physics can be better understood. In 
Symposium DS03—Phonon Properties 
of Complex Materials—Challenges in 
Data Generation, Data Availability and 
Machine Learning Approaches, Rig-
nanese demonstrated that this frame-
work performs better than other ML 
approaches, especially for much limited 
data sets. For instance, the vibrational 
entropy for some crystals at 305 K was 
predicted with an error four times lower 
than calculated in other models.

Carbon fiber composites have 
shown potential for use in energy stor-
age applications such as electrodes 
in car batteries. “The main challenge 
facing carbon fibers in energy storage 

MRS Communications Editor-in-Chief Rigoberto C. Advincula (left) 
introduces Andreas Lendlein of Helmholtz-Zentrum Hereon who 
presented the MRS Communications Lecture.
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is their very small surface area,” said 
Luke Henderson (Deakin University) 
in Symposium SF12 on Bioinspired 
Structural Composites—Advances in 
Experiments, Simulations and AI-Based 
Design. Some approaches attempted to 
increase the surface area sacrifice some 
mechanical properties of the carbon 
fiber. Henderson addressed this prob-
lem by grafting a conductive polymer 
(polyaniline) to the carbon fiber surface 
using a new, relatively easier method 
developed in his laboratory. A reductive 

potential is applied 
to the fibers in an 
e lec t rochemica l 
bath that reduces 
the polymer in the 
electrolyte, setting 
up a chain of reac-
tions to graft the 
polymer to the fiber 
surface. Henderson 
used this method 
for different poly-
mer chemistries 
and layers and 
demonstrated an 
increase in the ten-
sile strength of the 
composite by up 
to 45 percent. This 
increase was due 
to the reinforce-
ment of defects on 
the fiber surface 
from the grafting. 
Also, this method 
improved the poly-
mer adhesion on 
the fiber surface by 

up to 215% higher than what is obtained 
conventionally.

Several engineering applications—
aerospace, wearables, biomedical 
devices—exist for flexible, stretchable, 
and “human muscle-like” actuators. 
However, it is very difficult to obtain 
these characteristics in some materials. 
Sung-Hoon Ahn of Seoul National Uni-
versity addressed the role that the form, 
scale, and composition of materials play 
in producing such multifunctional actu-
ators with interesting behaviors. During 

his talk in Symposium SF13—From 
Actuators and Energy Harvesting Stor-
age Systems to Living Machines, Ahn 
showed that different materials compo-
sitions (binary, ternary, or multinary) 
could have different actuation strains 
and phase transformation/working tem-
perature ranges. Also, the form of the 
material designed affects its modes of 
actuation—contraction, bending, twist-
ing, and rotation—and a soft smart 
composite designed in Ahn’s laboratory 
demonstrates this. He further addressed 
the misconception that shape-memory 
alloys (SMAs) have slower actuation 
by demonstrating that fabricating very 
thin SMA wires increases the switching 
frequency to several hertz. Furthermore, 
at such scales, the strain recovery can 
be in response to a remote laser beam 
instead of direct heat application. These 
ideas of form, scale, and type of mate-
rial can all be merged to inform SMA 
design and enlarge their application 
space.

In Symposium EQ11 on Neuro-
morphic Computing and Biohybrid 
Systems—Materials and Devices for 
Brain-Inspired Computing, Adaptive 
Biointerfacing and Smart Sensing, 
Andres Arrieta of Purdue University 
demonstrated the groundwork for an 
“event camera” to facilitate the creation 
of more robust interphases between the 
physical world and systems like soft 
robotics. Such a camera would ideally 
integrate memory formation, retention, 
and recall over long periods of time. 
Additionally, this camera should meas-
ure tactile input to allow systems to 
“feel” their environment and recognize/

Best Poster Award winners from the XXIX International Materials 
Research Congress (IMRC) 2021 in Mexico presented their posters 
at the 2022 MRS Spring Meeting & Exhibit as part of the student 
exchange program between MRS and the Sociedad Mexicana 
de Materiales: (left to right) Abner Zárate-Aguillón (Universidad 
Autónoma de Nuevo León), Marina Montserrat Atilano Camino (Uni-
versidad Autónoma de Nuevo León), and Karen Ailed Neri Espinoza 
(Instituto Politécnico Nacional–IPN).
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interact with the objects around them. 
This goal is partially addressed by the 
presented simple, low-cost, 3D-printed, 
bistable, mechanical metamaterial that 
senses and records tactile input in 
response to physical stimuli. Then by 
associating a “neuron” to each unit, a 
Hopfield network can be leveraged to 
convert the input into a binary array 
and stored long term as a vector. This 
metamaterial application has the ben-
efit of being easily scalable to integrate 
over large areas without triggering a 
data overload state as well as the ability 
to train in situ, so robots can interact 
with their environments and accumulate 
memory along the way.

Energy storage devices
In Symposium EN05 on Emerging 
Materials for Electrochemical Energy 
Storage Devices—Degradation and 
Failure Characterization—From Com-
position, Structure and Interfaces to 
Deployed Systems, Linda Nazar OC 
FRS of the University of Waterloo 
talked about all-solid-state batteries 
(ASSBs), which offer many advantages 
over other systems but have many asso-
ciated challenges. Whereas liquid elec-
trolytes raise safety concerns and are 
limited by a narrow voltage (4.3 V), 
solid electrolytes (SEs) demonstrate 
improved safety, enhanced energy den-
sity (by a factor of 2–3), and can be 
operated over a wide operational range. 
Nazar pointed out that dual solid elec-
trolytes are likely necessary for ASSBs 
and discussed her recent works where 

a new class of SEs 
with high ionic 
conductivity and 
very low elec-
tronic conductiv-
ity was explored. 
The work showed 
that owing to the 
excellent inter-
facial stability of 
the SEs against 
uncoated high-
vo l t age  ca th -
ode materials , 
ASSBs utilizing 

 LiNi0.85Co0.1Mn0.05O2 exhibit superior 
rate capability and long-term cycling 
(up to 4.8 V versus  Li+/Li) compared 
to state-of-the-art ASSBs. Nazar gave 
many other examples of her recent 
work where her group obtained prom-
ising results. These results pave the 
way for designing SEs with a low 
electronic/ionic conductivity ratio. 
She also stressed upon establishing a 
framework to study the halide SEs and 
electrochemical stability of SEs. Nazar 
concluded her talk by mentioning that 
new solid halide electrolytes enable 
“bare” high-voltage cathode materials 
for batteries.

Esther Takeuchi, Distinguished 
Professor at Stony Brook University, 
The State University of New York 
and a chief scientist at Brookhaven 
National Laboratory, investigated sev-
eral electrode materials using operando 
isothermal microcalorimetry (IMC), 
which she discussed in Symposium 
EN05. First, for the conversion-type 
anode material, the heat dissipation of 
 Fe3O4 was able to be tracked during 
lithiation using IMC. Comparing the 
electron counts between theoretical 
modeling and calculation from IMC, 
a surface effect caused by particle 
aggregates can be found, which was 
further confirmed by operando x-ray 
absorption spectroscopy. Removing the 
aggregates resulted in higher capacity, 
which also makes results from multi-
modal consistent. The reversibility of 
the  Fe3O4 was enhanced by establishing 
a fluoroethylene carbonate modified SE 

interphase. Second, parasitic reactions 
were detected during the lithiation and 
delithiation of silicon anode material. 
The onset and evolution of heat dissipa-
tion associated with parasitic reactions 
were observed by subtracting entropic 
and polarization terms from the total 
heat. The parasitic heat is largest in 
the first lithiation and does remain 
detectable during subsequent lithiation 
cycles. “A detailed analysis of battery 
heat generation is critical in battery 
and battery-related materials design, 
manufacturing, and characterization,” 
Takeuchi said.

The critical current density (CCD) 
for solid-state batteries pairing with a 
lithium anode is always discussed in 
the scenario of dendrite penetration. 
Peter Bruce FRS of the University of 
Oxford began his talk in Symposium 
EN06 on Solid-State Batteries—From 
Electro-Chemo Mechanics to Devices 
by pointing out that the void forma-
tion on the lithium stripping side can 
be another critical reason that makes 
the CCD smaller than the dendrite-
penetration-controlled one. Moreover, 
using x-ray computed tomography, 
the location where dendritic cracks 
initiate and propagate was revealed. 
The cracks were found driven by Li 
at the back of the crack, not the tip. 
An important lesson found is that 
lower stacking pressure can be more 
favorable to achieving higher CCD 
without crack propagation. In the end, 
together with the Session chairs Mat-
thew McDowell (Georgia Institute of 
Technology) and Xin Li (Harvard Uni-
versity), Bruce discussed how the cell 
structures design—with and without 
lateral restriction—may influence these 
crack phenomena.

Also in Symposium EN06, Liang-
bing Hu, Herbert Rabin Distinguished 
Professor and Director of Center for 
Materials Innovation at the Univer-
sity of Maryland, discussed ultrafast 
high-temperature sintering (UHS) 
for solid-state electrolytes. The UHS  
enables the tuning of the sintering time 
in units of seconds, which provides 
excellent control in terms of the Li  
content and grain growth.  By 

Exhibitors were on-site to discuss laboratory equipment needs.
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programming the temperature and 
time, various solid-state electrolytes 
with different compositions and micro-
structures can be synthesized. Hu then 
discussed one-dimensional (1D), high-
performance polymer solid-state ion 
conductors. By opening the molecu-
lar channels between the cellulose 
chains through  Cu2+ coordination, 
the originally non-conducting cellu-
lose nanofibrils were able to achieve a 
high  Li+ conductivity. In the end, Hu, 
together with the Session chairs Li and 
Neil Dasgupta (University of Michi-
gan) discussed the future challenges of 
manufacturing all-solid-state batteries 
and provided advice for young princi-
pal investigators in managing projects 
and students.

Advances in MXenes
This year, MRS offered a program on 
two-dimensional (2D) MXenes, first 
reported in 2011. Three authors of this 
publication (https:// doi. org/ 10. 1002/ 
adma. 20110 2306)—Michel Barsoum, 
Yury Gogotsi, and Michael Naguib—
gave a presentation in Symposium 
NM03—2D MXenes—Synthesis, 
Properties and Applications. Barsoum, 
Distinguished Professor at Drexel 
University and known leader of MAX 
phases (where M is a transition metal, 
X is C or N, and A is mostly an element 
from group 13 and 14), spoke about 
quaternary ammonium compound-
derived nanostructures. Traditionally, 

2D materials are 
produced by etching 
of layered solids. 
In a recent report, 
researchers used a 
bottom-up approach 
to convert 10 binary 
and ternary titanium 
carbides, nitrides, 
borides, phosphides, 
and silicides into 
2D materials by 
immersing them in 
a tetramethylam-
monium hydrox-
ide solution under 
ambien t  cond i -
t ions .  Barsoum 

gave examples of 1D anatase  TiO2 and 
2D birnessite-based Mn oxides. His 
research team characterized the pro-
duced materials by various techniques 
such as x-ray powder diffraction, 
Raman spectroscopy, x-ray photoelec-
tron spectroscopy, electron energy-loss 
spectroscopy, and x-ray absorption 
near-edge spectroscopy, which con-
cluded that the flakes contain carbon 
and are anatase-based layers of 1D sub-
nanometer filament that grow in [200]. 
The group used these newly produced 
materials for electrochemical energy 
storage and biomedical applications. 
In conclusion, they provided a novel 
approach of producing 2D materials 
from non-layered, cheap, scalable, and 
earth-abundant precursors at ambient 
conditions. The study opens new pos-
sibilities in the rapidly growing field 
of 2D materials for a diverse range of 
applications.

Gogotsi, Distinguished University 
and Charles T. and Ruth M. Bach Pro-
fessor and director of the A.J. Drexel 
Nanomaterials Institute at Drexel Uni-
versity, highlighted the importance of 
synthesis of MXenes from environ-
mentally friendly, safe, efficient, and 
scalable methods. Typically, MXenes 
are synthesized from MAX phases by 
etching with acids (HF and HCl) fol-
lowed by delamination. Their proper-
ties can be controlled by tuning their 
compositions and structures. They are 
hydrophilic, easily dispersible in water, 

strong, stiff, and possess high electri-
cal conductivity, making them suit-
able for a wide range of applications. 
However, the synthesis of MXenes 
may have some challenges such as use 
of HF acid, which is highly corrosive 
and dangerous for the human body 
and, therefore, the safety is equally 
important. This requires safety equip-
ment, which makes the overall synthe-
sis process expensive. Therefore, safer 
and environmentally stable synthesis is 
important. Gogotsi also emphasized the 
computational approaches of predict-
ing the exfoliability of MAX phases. 
He said that different MXenes require 
different reaction parameters and there-
fore the exfoliation energy and etching 
parameters need to be adjusted, render-
ing that guidance from computational 
studies is important. He mentioned 
that stoichiometry of MXenes is also 
important and usually MXenes inherit 
the characteristics of MAX phases. 
The selective etching of MAX phases 
is significant, and he discussed etching 
and delamination mechanisms. Gogotsi 
said that as per his knowledge, MXenes 
are the only nanomaterials that can be 
produced in kilogram of scale, meaning 
true industrial scale applications can be 
addressed. Lastly, he mentioned several 
new MXene synthesis protocols coming 
up such as molten-salt synthesis, which 
are relatively safer.

Naguib, assistant professor at Tulane 
University and who was previously 
a student in Gogotsi’s group and first 
author of the 2011 article, discussed 
MXenes and their properties such as 
electrical conductivity and capability of 
hosting multivalent ions, which make 
them promising candidates for electro-
chemical energy storage. He talked about 
the structural and computational diver-
sity and tunability of MXenes and high-
lighted the importance of intercalation 
in MXenes to escalate their properties 
to be used in a variety of applications. 
Naguib provided several examples of 
intercalation of cations into the MXene 
structure that were successfully used in 
supercapacitors, Na-ion capacitors, and 
other applications. His research group 
also tested MXenes in several new 

Panelists for this year’s “Materials Needs for Energy Sustainability 
by 2050” event discussed whether hydrogen is the fuel of the 
future.

https://doi.org/10.1002/adma.201102306
https://doi.org/10.1002/adma.201102306
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electrolytes such as room temperature 
ionic liquid, which showed great promise 
in electrochemical applications. Naguib 
mentioned that tuning the d-spacing of 
MXene structures is a viable approach 
to unlock new applications. The prime 
focus of his talk was that a small change 
in the structure can affect the perfor-
mance significantly and therefore the 
intercalation could be a promising strat-
egy to enrich the MXene family.

Miladin Radovic, a professor and 
director of the Materials Characteriza-
tion Facility at Texas A&M University, 
discussed MXenes and all top-down 
strategies reported until the date of pro-
ducing them. He also explained the dan-
ger and toxicity associated with these 
approaches and emphasized a safer etch-
ing protocol that can produce single or 
few layer MXenes in aqueous solutions 
at room temperature. Radovic’s research 
team proposed a water-soluble tetra-
ethylammonium fluoride tetrahydrate  
agent that can work as etchant and  
intercalant at the same time. This tech-
nique removes an additional step of  
intercalation, and the yields were found to  
be similar to previously reported methods. 
The results were explained on  Ti3C2 and 
 Ti2C MXenes. The results open the  
possibility of using a range of quaternary 
ammonium salts in aqueous solutions for 
safer and scalable MXene synthesis.

Drexel University associate profes-
sor Ekaterina Pomerantseva used 

MXenes as precur-
sors for synthesis 
of oxide materials. 
The versatile chem-
istry and 2D mor-
phology of MXenes 
make them unique 
precursors for the 
synthesis of other 
classes of materi-
als. She first talked 
a b o u t  α - V 2O 5-
derived δ-V2O5.
H2O (BVO) mate-
rial, where the syn-
thesis takes longer, 
involves an aging 
step, and requires 
higher temperatures. 

In a recent study, her group replaced 
α-V2O5 with  V2CTx MXene that was 
oxidized with the help of  H2O2, and 
the synthesis can be completed without 
the aging step at lower temperatures. A 
flower-like morphology was observed 
for the prepared materials. The resultant 
 V2CTx-derived δ-V2O5⋅nH2O structure 
was intercalated with various ions such 
as Li and Mg and was used for electro-
chemical energy storage applications. 
Pomerantseva also discussed recent 
results of MXene-derived K-intercalated 
 V2O5 (KVO) showing promising results 
for battery applications. She said that 
this synthesis route of using MXenes as 
precursors can be extended onto other 
MXenes to produce oxides with differ-
ent chemistries or mixed oxides.

Vadym Mochalin, associate pro-
fessor at Missouri University of Sci-
ence and Technology, highlighted 
the importance of understanding the 
chemistry of MXenes, including their 
synthesis and stability. MXenes have 
been considered as unstable in aqueous 
colloids due to oxidation and therefore 
the challenge is improving their chemi-
cal and temperature stability. However, 
this oxidation process can be used to 
prepare composites. Mochalin gave an 
example of MXene-titania composites 
that can be produced by a simple, inex-
pensive, and environmentally benign 
process of delaminating and storing 
MXenes under ambient environment, 

which leads to the partial oxidation 
of MXene to prepare a composite. 
This composite demonstrates attrac-
tive properties for photoresistors 
with memory effect and sensitivity 
to the environment, as well as many 
other photo- and environment-sensing 
applications. He showed experiments 
explaining that it is the hydrolysis, not 
oxidation, which is primarily respon-
sible for MXene instability. Accord-
ing to Mochalin, acidic environment 
catalyzes the hydrolysis of MXenes 
and basic environment inhibits MXene 
hydrolysis. Also, high pH suppresses 
MXene hydrolysis and antioxidants 
suppress MXene oxidation. The syn-
ergistic actions of high pH and anti-
oxidants are most beneficial for the 
shelf life of aqueous MXene colloids at 
room temperature. Mochalin provided 
some examples illustrating connections 
between understanding MXene chem-
istry and potential applications.

In the area of materials and energy, 
Majid Beidaghi, associate profes-
sor and Ginn Faculty Achievement 
Fellow at Auburn University, said 
that despite having unique physico-
chemical properties, the application 
of MXenes in energy storage depends 
on their assembly into electrode struc-
tures. His research group is developing 
assembly of MXene flakes into such 
electrode structures that exhibit high 
power and energy. He also discussed 
the effects of MXene synthesis con-
ditions and importance of controlling 
flake size on the electrochemical per-
formance. He showed several videos 
of 3D printing of the MXene electrode 
where his research group successfully 
used MXene inks for printing on dif-
ferent substrates. Moreover, Beidaghi 
emphasized developing heterostruc-
tured MXenes for superior chemi-
cal and electrochemical stability and 
energy storage capability.

Postdoctoral researcher Mehrnaz 
Mojtabavi, now at the Center for Neu-
roengineering and Therapeutics at the 
University of Pennsylvania, works with 
MXenes in her studies on bioelectron-
ics and neural interfaces based on nano-
materials. In Symposium NM06 on 

At the Women in Materials Science & Engineering Breakfast, 
Seung Min Jane Han, from Korea Advanced Institute of Science 
and Technology, presented her work on ultrahigh strength metal-
graphene nanolayered composites for flexible electrode applica-
tions, followed by a talk about her career path.
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Nanoscale Mass Transport Through 2D 
and 1D Nanomaterials, she highlighted 
the importance of nanopore technology 
that has gained wide attention in single-
molecule studies of biomolecules. This 
technology provides an opportunity for 
sensing, manipulation, and sequencing 
of biopolymers such as DNA, RNA, 
and proteins. Mojtabavi discussed the 
significance of 2D materials such as 
graphene and  MoS2 in this emerging 
technology and introduced the prom-
ising candidature of MXenes in this 
area. She said that despite the robust-
ness of this emerging technology, the 
sensing resolution is usually limited by 
pore thickness and access resistance. 
These issues can be addressed using 
MXenes-based technology as they 
are hydrophilic and possess excellent 
electrical conductivity. She used two 
MXenes,  Ti3C2 and  Ti2C, in her work 
and achieved promising results. She 
also introduced four MXenes-based 
approaches for nanopore technologies, 
that is (i) single-molecule sensing with 
MXene nanopores, (ii) water-scale 
MXene film fabrication and transfer, 
(iii) ionically active MXene nanopore 
actuators, and (iv) ion-fountain nano-
pore reader. She concluded that 2D 
materials, particularly MXenes, are 
promising candidates for nanopore-
based single-molecule sensing, and 
development in this field will open new 
possibilities in the future.

Research 
at the University 
of Hawai‛i 
at Mānoa
In a special event 
held in the Exhibit 
Hall ,  Song K. 
Choi ,  assistant 
dean in the College 
of Engineering at 
the University of 
Hawai‛i at Mānoa 
(UHM), described 
the areas of mate-
rials research con-
ducted at the uni-
versity. Although 
there is no specific 

department on materials science and 
engineering, the studies are incorpo-
rated across four colleges.

In the College of Engineering, the 
largest range of the materials fields is 
conducted, including nanotechnology, 
smart materials, carbon nanotubes and 
graphene, additive manufacturing, mod-
eling, and corrosion. Studies on energy 
generation and energy storage take place 
in the School of Ocean and Earth Science 
and Technology, as well as studies on 
biomass, crystal nucleation and growth, 
and catalysis. The College of Natural Sci-
ences includes research in nanomaterials, 
graphene, and hydrogen storage materi-
als. The College of Tropical Agriculture 
and Human Resources includes work on 
soils, minerals, and clays.

Taking advantage of the location of 
this year’s Meeting, graduate students at 
UHM reported research in talks as well 
as the poster sessions. Following are a 
few highlights. Anh Tuan Nguyen in 
Woochul Lee’s group reported on the 
development of a suspended micro-
island device method of measuring ther-
mal conductivity of PEO/PEDOT:PSS 
near-field electrospun polymer nanofib-
ers. Light weight, low-cost, polymer 
nanofibers are generally considered to be 
insulators at bulk scale; however, appli-
cations for polymer nanofibers require 
higher thermal conductivity values. This 
work demonstrated that higher molecu-
lar weight PEO/PEDOT:PSS polymer 

nanofibers have four times improved 
thermal conductivity compared to their 
low weight counterparts (which gen-
erally match the bulk scale thermal 
conductivity value). Additionally, data 
explain the glass-transition effect on 
thermal conductivity measurements 
generated in the measurement process. 
Future work includes generating a cross-
link between PEO and PEDOT:PSS to 
further increase thermal conductivity of 
the polymer nanofiber. This work was 
presented in Symposium SF15 on Ther-
mal Processes and Management Under 
Unconventional Conditions.

Chung-Han Wu in Tyler R. Ray’s 
group presented a low-cost, 3D-printed, 
flexible, stretchable, epidermal microflu-
idic device (3D-epifluidics) able to attach 
to human skin for sweat collection. These 
3D-epifluidic devices are an excellent 
platform for electrochemical and colori-
metric analysis in support of non-inva-
sive health monitoring. This work lever-
ages a stereolithography (SLA)-based 
3D printing process to develop high-
resolution microfluidic channels that 
improve the controllability of capillary 
burst valve geometry in a low-cost plat-
form. This controllability allows for tun-
able fluid routing options, which shows 
comparable capability to more expensive 
cleanroom fabricated options. Wu dem-
onstrated fully encapsulated, 3D-epiflu-
idic devices for epidermal interfacing in 
stationary exertion tests and notes that 
modifications to adjust burst pressures 
could be easily incorporated to account 
for sensing in increased intensity work-
outs. This work was presented in Sym-
posium MF02 on 3D Printing of Passive 
and Active Medical Devices.

During the poster sessions, Thi 
Kieu Ngan Pham—a doctoral can-
didate in Joseph J. Brown’s group—
presented research on the fundamen-
tal interaction between gas and solid 
surfaces, specifically thin film, and its 
application to gravimetric gas adsorp-
tion, gas/vapor sensor, and  H2 storage. 
The poster was presented in Sym-
posium NM01 on Beyond Graphene 
2D Materials—Synthesis, Properties 
and Device Applications. Takuya 

Sunset on the beach of Oʻahu at the close of the Meeting.
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Wise—a master’s candidate in Woo-
chul Lee’s group—focused on thermal 
storage systems, nanofluids applica-
tions, and energy conversion. Wise 
created an operable transient hot-wire 
test bench that is capable of measuring 
thermal conductivity of fluids that will 
help determine which type of nano-
fluid mixture will enhance a custom-
designed solar water heater system that 
is currently in the development phase 
in Lee’s laboratory. This poster was 

presented in Symposium SF13—From 
Actuators and Energy Harvesting Stor-
age Systems to Living Machines.

For more news coverage
Some of the key talks that were 

delivered in Honolulu and livestreamed  
online were preserved on video and 
made available to registered attendees  
for nearly a month after the Meeting  
ended, as were the prerecorded  
presentations. Look for articles based 

on presentations from the Meeting 
in future issues of MRS Advances, 
an archival, peer-reviewed jour-
nal reporting snapshots of work in  
progress on key materials topics  
identified by leading-edge MRS Meeting 
programming. For more news on the 
2022 MRS Spring Meeting & Exhibit, 
see the MRS Meeting Scene® at www. 
mrsme eting scene. org and subscribe to 
the MRS Meeting Scene newsletter by 
creating an account at mrs. org.� ⃞
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