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EDITOR'SLETTER

Welcome to the inauguralissue of KU Explorer,
an annual publication serving as a window

into the cutting-edge research emerging from
Khalifa University of Science and Technology's
20 specialized research centres.

Our cover stories shed light on the recent
achievements accomplished by Khalifa Univer-
sity in the fields of health and wellness. Unlock-
ing the secrets of regenerative medicine, Peter
Corridon talks about how his research into or-
gan function has been helped by camels; and
his quest to develop a fully functioning bioarti-
ficial kidney, so that animal tissue is no longer
needed. We look at ways in which machine
learning can detect early signs of kidney dam-
age, assess how advanced imaging techniques
can provide insights into organ scaffold viabil-
ity, and proudly unveil the first-ever genomic
analysis of the Emirati diabetic population—a
groundbreaking achievement shedding light
on diabetic kidney disease in our country.

We also highlight a pioneering study that re-
veals how a specific class of drugs holds the
power to safeguard patients suffering from a
form of heart failure, significantly reducing the
risk of cardiac arrest and death. Every stride
we make in the fields of health, environmental
preservation and technological advancement
hinges on the bedrock of materials science.
We explore the future of wearables, examining
how data harnessed from these devices can
not only assess mental and emotional well-be-
ing but also predict the development of these
vital facets in an individual’s life.

Next we look at the United Arab Emirates’
first cosmic endeavor, marking a significant
milestone in the quest for space exploration.
Building upon the resounding success of the
Hope mission, Khalifa University is setting
the stage for an enduring legacy in space
and planetary science. We look at the fresh
imagery beamed back by the Hope Mission,
unraveling novel insights into Martian climate
patterns. These revelations not only enhance
climate and weather forecasting but can also
pave the way for future missions to the Martian
frontier. We then delve into the intricate dance

of dust particles in Saturn’s ring system, un-
veiling the complexities of planetary dynamics.

Transitioning from celestial realms and back
to Earth, we turn to water—a resource that is
becoming increasingly scarce amidst the loom-
ing specter of climate. Our dedicated research-
ers at KU are pioneering breakthrough tech-
nologies in water desalination and wastewater
management, in an effort to ensure that water
remains a lifeline for generations to come.

But the road to climate change mitigation
in our region is fraught with challenges. A
thought-provoking study led by Steve Griffiths,
KU’s Senior Vice President for Research and
Development and Professor of Practice, un-
covers a stark reality. With the exception of five
nations, the Eastern Mediterranean and Middle
Eastern (EMME) region lacks greenhouse gas
emission reduction strategies that could be
considered equitable with regard to meeting
the objectives of the 2015 Paris Agreement, a
pact designed to safeguard our planet from
a perilous temperature rise of 1.5°C or more
above pre-industrial levels.

Our journey extends to the domain of aer-
ospace engineering, where graphene-based
sensors are poised to redefine the game
across aerospace, automotive and marine
applications, promising revolutionary break-
throughs. These stories are just a glimpse of
the extraordinary research you’ll find in this is-
sue, showcasing Khalifa University’s pursuit of
knowledge and progress. KU Explorer, where
knowledge knows no boundaries, and possi-
bilities are limitless, underscores our commit-
ment to being a catalyst for innovation, eco-
nomic development and social prosperity in
the United Arab Emirates and the world.

Steve Griffiths

Senior Vice President for
Research and Development
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Machine learning
detectsearlysigns of
Kidney damage

Artificial intelligence systems have been taught to detect
abnormal cell structures invisible to the human eye,
potentially speeding up diagnosis of kidney failure.

Acute kidney injury (AKI) imposes a significant
financial burden on healthcare systems, consid-
ering the number of hospitalizations and other
associated costs.

Luckily, machine learning techniques could
change all this by detecting subtle signs of
kidney damage, potentially enabling early in-
tervention and treatment before they turn into
serious problems.

Researchers at Khalifa University working with
international colleagues have shown that artifi-
cial intelligence (Al) systems can detect abnor-
mal cell structures that are virtually imperceptible
to the human eye. Using existing biopsy mate-
rials taken from patients, the technique could
speed up diagnosis of kidney failure in hospitals.

“There are differences in the onset of this
type of injury that we would not be able to de-
tect, whereas the machine can,” says Peter Cor-
ridon, who specializes in kidney physiology and
who led the project.

To test the Al’s ability to detect kidney dam-
age, the researchers showed the computer
images of cells from rat organs. Some images
showed healthy tissue and others showed dam-
age to proximal tubule cells, the most common
cell type in the kidney, which deals with meta-
bolic waste products. Damage to these cells is
associated with the abrupt drop in renal function
seen in AKI and other hard-to-treat and poten-
tially life-threatening consequences.

When provided with information about which

tissue images were taken from animals with
kidney injury, the Al was able to find signature
changes in the shape and structure of the prox-
imal tubule cells associated with the pathology.

The study could pave the way for the devel-
opment of a “sensitive, accurate, and affordable
computer-aided diagnostic system that might be
an essential addition to current nephropatholo-
gy practices,” the researchers say.

One reason AKl is hard to diagnose lies in the
limitations of conventional microscope images
of kidney tissues taken in biopsies, which are
not detailed enough to pick up small changes
in cell nucleus structure. To improve the quality
of the scans, the researchers used innovative
techniques called gray-level co-occurrence
matrix analysis and discrete wavelet transform.
These methods generate images with increased
texture, providing the Al with more features and
patterns to associate with the disease state.

The next step for the research team is to test
the Al system with more unlabelled images, allow-
ing it to distinguish between healthy and diseased
tissue. “Now we are working with a pathologist
and doing this in a blind formation,” Corridon says.
“So having the pathologist tell us this, and the
machine tell us this, and seeing who is correct.”
Pantic, I., Cumic, J., Dugalic, S. et al. Gray level co-oc-
currence matrix and wavelet analyses reveal discrete
changes in proximal tubule cell nuclei after mild acute
kidney injury. Scientific Reports 13, 4025 (2023).
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Conventional microscopic
sections of kidney tissue
are not always detailed
enough to detect
abnormal cell structures
invisible to the human eye.
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Unlocking
hesecretsof
‘egenerative
medicine

Peter Corridon talks about how his
research into organ function has been
helped by camels; and his quest to develop
a fully functioning bioartificial kidney, so
that animal tissue is no longer needed.

When Peter Corridon relocated his re-
search on kidney physiology from the Unit-
ed States to Abu Dhabi in 2019, he faced
an unusual challenge. Studies worldwide
typically use pigs to analyze organ function
because of their similarity in size to human
organs. “But we don’t have a lot of pigs in
the Middle East,” he says.

After a few phone calls and a visit to the
local slaughterhouse, Corridon—assistant
professor of immunology and physiology in
the College of Medicine and Health Scienc-
es at Khalifa University—secured a steady
supply of sheep kidneys. He would later
adapt the research further to look at organs
taken from local camels. “Given the lack of
resources a camel has, it should not be able
to stand up and function. It really shouldn’t.
So, their kidneys are special,” he says.

Following his PhD studies at Indiana Uni-
versity, Corridon went on to work at Wake
Forest University in North Carolina under
James Yoo and Anthony (Tony) Atala; re-
vered figures in regenerative medicine.
“They are highly respected. You just say
Tony’s or James’ name and doors open for
you,” Corridon says.

For Corridon, the opening came at Khalifa
University, where he now specializes in how
blood vessels grow and behave. He has also
expanded his expertise to include work on
the eye. One research interest, for example,
is to discover why cell signaling encourages
blood to flow in the kidney, but restricts blood
flow in parts of the eye, including the cornea.

“You cannot have blood vessels inside
your cornea, you become blind,” he ex-
plains. “So, for us, it’s all about learning how
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“Camels have a
very special oval-
type red blood
cell. It’s not like
ours and may
hold secrets to
help us overcome
debilitating
diseases.”

1] KU EXPLORER

all these mechanisms work.”

Despite the diversity in the sources
and types of organs used in his re-
search, there is a common objective:
to better understand and treat condi-
tions in people. And even the unusu-
al camel could offer useful insights in
regenerative medicine.

“Again, technically speaking, a
camel should have a lot of ocular
diseases. It's in the desert being hit
with dust, with this heat, it should be
blind,” Corridon says. “But it’s not.
And we’re trying to figure out some
of the things that are inherent in the
camel that can help maintain eye-
sight for us. They have a very special
oval-type red blood cell. It’s not like
ours and may hold secrets to help us
overcome debilitating diseases.”

Another of Corridon’s long-term
research goals is to develop a fully
functional bioartificial kidney. This

would help address the growing
need for kidneys for transplants and
provide an animal-free platform for
lab studies of the organ.

Corridon’s research includes a
technique called decellularization,
which removes the native cellular
components from human and ani-
mal kidneys leaving the extracellular
matrix scaffold of the original organ.
These can then be used as tem-
plates to build bioartificial tissue on
and to monitor blood vessel growth.

Was establishing an academic ca-
reer in the United Arab Emirates diffi-
cult? The heat can be overpowering,
Corridon says, but that is compensated
for by the warmth of the welcome he
has received. “Honestly, these people
here have been the best human be-
ings I've met,” Corridon says. “They’re
just so welcoming and happy to have
you. They're just really good people.”

EDWIN REMSBERG/ THE IMAGE BANK/ GETTY IMAGES
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Research at Khalifa University has
imaged blood flowing through a
kidney without its cells for the first
time; an important step towards
the development of bioartificial
organs for research or transplant.
The research was made possible
thanks to the innovative technique
of intravital microscopy, which en-
ables the imaging of the internal
processes inside living animals.
This pioneering study, conduct-
ed in rats, harnessed an innovative
combination of whole organ de-
cellularization, transplantation and
intravital microscopy. It showed
how the blood could flow without
clotting, despite being exposed
to collagen inside the cell-less
kidney. Organs divested of their
internal cells in this way, common-
ly referred to as scaffolds, are a
popular option in bioengineering
research, as they can then be filled
with cells from a specific patient.
“Remarkably, this thing can ac-
tually withstand blood flow,” says
Peter Corridon, a kidney specialist
at the university’s College of Medi-
cine and Health Sciences, who car-

ried out the new research. “So, it
gives us insight into how we might
be able to build a better, stronger,
or more resilient structure as we
repopulate the scaffold with cells.”

The findings, published in Scien-
tific Reports, indicate that the ad-
vanced imaging technique “may
provide novel insight into scaffold
viability, and identify ways to pro-
mote scaffold longevity and vascu-
logenesis in whole decellularized
organs and help reduce donor or-
gan shortages within the foresee-
able future.”

In approved experiments, Cor-
ridon removed kidneys from rats,
eliminated the internal cells from
the organs, and then transplanted
the scaffolds back into the animals.
These kidney scaffolds were not
empty or hollow; they retained their
internal structure of blood vessels.
But with no cells, the blood that
entered the kidney scaffold was
exposed to collagen, which would
usually be expected to trigger the
blood-clotting process.

“Technically speaking, when you
have this scaffold and you have

blood flowing, it should clot, it
should not work whatsoever,” says
Corridon. “And oddly enough, this
thing flowed for days.” After that,
the clotting process did kick in and
the internal structure of the kidney
scaffold broke down.

The results are important for
two reasons. First, they show that
blood could continue to flow while
cells begin to regrow inside a kid-
ney scaffold. Second, as the blood
flows it could carry with it the stem
cells and other components need-
ed to help the kidney cells grow
and form tissue.

“It was painstaking work,” Cor-
ridon says, adding that there re-
mains some way to go before the
development of a fully artificial or-
gan. “The kidney has about 50 cell
types. And it’s hard to get every
cell and every structure right to
create all these complex systems,”
he explains.

Corridon, P.R. Capturing effects of blood
flow on the transplanted decellularized
nephron with intravital microscopy.
Scientific Reports 13, 5289 (2023).




Wearable device data
shows promise in

predicting future emotional

and mental states

Data gathered by wearable devices can

be used not only to assess mental and

emotional well-being, but could also

soon predict how these issues may be

developing in an individual's life.

As low-cost mobile and wearable sensors find increased
uses, research is emerging that uses them to track and
analyze mental well-being, productivity and behaviors.
The lack of open datasets collected in real-world con-
texts is, however, limiting potential research advances
in affective computing and human-computer interaction
that rely on such data.

Researchers at Khalifa University have collaborated
with colleagues in South Korea to investigate the po-
tential of wearable sensor devices in gathering data that
correlates with mental and emotional states. Their study,
conducted on a sample of 77 students over seven days,
has been compiled into a dataset called K-EmoPhone.

The three-year collaboration between Khalifa University
and the Korea Advanced Institute of Science and Tech-
nology (KAIST) focused on the regular collection of data
aimed at revealing aspects of the participants’ mental state,
including their emotions, stress and attention levels.

“The connections forged between the Khalifa and
KAIST teams will hopefully lead us to further collabo-
rative research to advance potential for our methods to
be incorporated into commercial smart devices, such as
smart watches and other wearable technology,” says Le-
ontios Hadjileontiadis of Khalifa University’s Department
of Biomedical Engineering.

The study harnessed data from smartphones and
commercial consumer wearable devices, which cap-
tured environmental and physiological signals, as well
as movement patterns. Measurements included parame-
ters such as body temperature, heart rate, skin electrical
resistance, light exposure, and caloric expenditure linked
to activity and body maintenance.

This direct physiological monitoring was complement-
ed by data from the participants’ responses to a smart-

phone app questioning them about their feelings and
activities. The assessments occurred at random intervals
up to 16 times each day, allowing the primary sensor data
to be contextualized within participants’ emotions and
activities at different times of the day.

The data was then combined with that from pre- and
post-study surveys of the participants’ mental and emo-
tional state, especially their ongoing sense of well-being,
stress or depression.

Taken together, the results confirm that data from
wearable devices can indeed be used to assess mental
and emotional well-being and can also be used to pre-
dict how these issues may be developing in an individu-
al’s life. The findings advance the understanding of the
ability of wearable technology to monitor more subtle
aspects of an individual’s condition.

“| expect that our work will help develop new oppor-
tunities for healthcare professionals and researchers to
analyze mental and cognitive states with smartphone
and wearable sensor data,” says systems engineer Woo-
hyeok Choi of the KAIST team.

The K-EmoPhone procedure and dataset is at a rela-
tively early proof-of-concept stage, and the researchers
acknowledge the need to refine the software for broader
applicability. They are, however, confident of wider gen-
eral and commercial opportunities.

“Future enhancements could ensure compatibility with
different commercial software systems and seamless in-
tegration into existing and emerging wearables such as
smartwatches and other devices,” says Hadjileontiadis.
Kang, S. et al. K-EmoPhone: A mobile and wearable
dataset with in-situ emotion, stress, and attention
labels. Scientific Data 10, 351 (2023).
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An artificial intelligence algorithm that uses few resources
could help robotic systems find their way in poor light.

The navigation of robotic systems,
such as drones or self-driving cars,
requires computer-based vision tech-
nology that can accurately perform,
even in challenging low-light condi-
tions such as moonlight. This capabil-
ity is particularly important for applica-
tions in defense, law enforcement and
space exploration.

Existing technology uses neuromor-
phic cameras, which are equipped
with sensors that mimic the functions
of the human retina. Unlike conven-
tional cameras that capture individual
frames, neuromorphic cameras report
changes in the scene at different time
points and, by comparing this informa-
tion, establish a continuous stream of
events. They can operate in low-light
conditions, while using extremely lim-
ited amounts of power, compared with

14| KU EXPLORER

conventional cameras. However, the
performance of neuromorphic camer-
as is typically hampered by noise.

A team led by Yahya Zweiri, Direc-
tor of the Advanced Research and
Innovation Center and Associate
Chair of the Aerospace Engineering
Department at Khalifa University, has
designed and developed an artificial
intelligence algorithm to filter noise
from event streams while preserving
data from real features in the visual
scene.

The algorithm is based on a graph
neural network (GNN) with transform-
ers known as GNN-transformers, and
uses spatiotemporal correlations
between events in the camera’s sur-
roundings to detect if an incoming raw
event is noise or a genuine feature,
such as the edge of an object.

“Unlike conventional
cameras that capture
individual frames,
neuromorphic
cameras report
changes in the

scene at different
time points and,

by comparing this
information, establish
a continuous stream
of events.”



“The proposed algorithm is the
fastest among state-of-the-art mod-
els owing to the processing of events
efficiently on a central processing
unit,” says Zweiri. “This eliminates the
need for advanced hardware, mak-
ing the model ideal for settings with
limited computational power and re-
source-constrained platforms.”

The GNN-transformer incorpo-
rates an EventConv layer, which dis-
tinguishes between real activity and
noise events by operating on graphs
constructed from the camera’s raw
data. “This captures spatiotempo-
ral events, while accounting for the
asynchronous nature of the camera
stream,” says Yusra Alkendi, a PhD
graduate in Aerospace Engineering
and member of the team. The model
has been tested on publicly available

datasets to show that the algorithm
works in general settings with differ-
ent motion dynamics and different
lighting conditions.

Alkendi appreciates the supportive
research environment at KU. “KU has
generously provided me with hands-
on research experience using cut-
ting-edge tools and technologies, en-
abling the shaping of global research
and benefiting our community,” she
says. “The guidance of distinguished
professors has led to remarkable mile-
stones, for example, the accolade of
Top 1% Journal Publication in August
2022 and other research papers in
prestigious engineering journals.”

Looking ahead, Zweiri and Alk-
endi are aiming to improve the per-
formance of neuromorphic vision
systems further by combining their

algorithm with other event-based
computer vision algorithms. These
enhancements could encompass
self-localization, object detection, ob-
ject tracking and object recognition,
among others.

Alkendi, Y., Azzam, R., Ayyad, A.,

Javed, S., Seneviratne, L. & Zweiri,

Y. Neuromorphic camera denoising

using graph neural network-driven
transformers, IEEE Transactions

on Neural Networks and Learning

Systems (2022).
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Genome analysis provides

insights into diabetic

kidney disease among the
Emirati population

Afirst of a kind study of Emirati diabetics unveils a gene variant
that could contribute to kidney disease susceptibility.

Several Middle Eastern countries
have some of the highest rates of di-
abetes worldwide, along with a wor-
rying prevalence of diabetic kidney
disease (DKD), a condition leading to
gradual loss of kidney function. Yet
little is understood about the under-
lying genetic factors at play.

Researchers at Khalifa University, in
collaboration with the Imperial College
London Diabetes Centre in Abu Dhabi
and Queen’s University Belfast in the
UK, have conducted the first genomic
analysis of the Emirati diabetic popula-
tion. The study of 938 unrelated Emi-
rati individuals with type 2 diabetes
without DKD, alongside 258 patients
who suffer both diseases, sought to
understand the link between genetics
and susceptibility to DKD.

“Although hyperglycaemia is widely
regarded as triggering DKD, numer-
ous other genetic and environmen-
tal factors contribute greatly to the
disease’s progression. As a result,
not all individuals with diabetes will
experience the development of the
disease,” explains Wael Osman, from
Khalifa University’s Department of Bi-
ology and first co-author of the study.

The researchers identified a variant
in the CNR2 gene associated with
DKD. This variant encodes a protein

called cannabinoid receptor 2, which
exhibits activity in various parts of the
kidney. It plays a role in insulin resist-
ance, inflammation and the excessive
scarring of the kidneys known as kid-
ney fibrosis.

Comparative analysis of these
findings with data from other global
populations found variations in the
CNR2 gene in Japanese people with
DKD, but not in British and Finnish
populations. These distinctions in
genetic makeup among different
ethnic groups could potentially lead
to differences in DKD predisposition
and progression.

The study shows that this variant of
CNR?2 is linked with DKD in the con-
text of type 2 diabetes, a condition
typically diagnosed in adults. The
correlation was not evident in type 1
diabetes, which tends to develop ear-
ly in life and is believed to be caused
by an autoimmune reaction.

The published findings also hint at
the possibility of 11 additional genes
with variants linked to DKD. The team
acknowledges there is a need for
further validation through a broader
study that includes multiple ancestral
ethnic groups from Middle Eastern
populations.

“Although DKD is common among

“This study has
brought us closer
to uncovering
why some
diabetic patients
in the UAE
develop kidney
problems and
others don't.”

the Emirati population, we’re not
entirely sure which specific genetic
variants are responsible for causing
this disease. This study has brought
us closer to uncovering why some
diabetic patients in the UAE develop
kidney problems and others don’t,”
says study leader Habiba Al Safar,
from Khalifa’s Department of Genet-
ics and Molecular Biology.

“Since ethnicity and genetics play a
role in DKD, one day we may be able
to craft therapeutic advancements
tailored to specific populations,” adds
co-author Mira Mousa.
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11.8%

Percentage of the
Emirati population
between the age
of 20 and 79 living
with diabetes.

1 0.8 to
61.2<

Prevalence ranges

of DKD among type 2
diabetes patients in the
Middle East region.

990,900

Total cases of diabetes
in Emirati adults.

1. Osman, Wael et al. A ge-
nome-wide association study
identifies a possible role for
cannabinoid signalling in the patho-
genesis of diabetic kidney disease.
Scientific Reports 13.1 4661 (2023).
2. Aldukhayel, A. Prevalence of
diabetic nephropathy among Type
2 diabetic patients in some of

the Arab countries. International
Journal of Health Science, 2017

3. UAE Vision 2021.
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Beta
blockers
take on new
life in heart
disease

Beta blockers
have been shown
to regulate heart
function when it is
most needed in a
growing group of
patients at risk of
cardiac arrest.

Heart failure is a lifelong condition in
which the heart muscle can't pump
enough blood to meet the body's
needs. Different types of heart failure
are categorized based on the ejec-
tion fraction, which indicates the per-
centage of blood pumped out of the
heart with each heartbeat. One form,
known as heart failure with preserved
ejection fraction (HFpEF), involves a
maintained ejection fraction with no
significant decline and is becoming
increasingly common. It is often asso-
ciated with sudden death due to ab-
normal heartbeats called ventricular
arrhythmias.

A study by researchers at Khalifa
University suggests that beta-blocker
drugs could protect patients with this
form of heart disease, reducing the
risk of cardiac arrest and death.

Heartbeat is controlled by an inter-
play between the sympathetic and
parasympathetic nervous systems.

The sympathetic system accelerates
heart rate in response to stressful
situations while the parasympathetic
system acts to maintain a steady and
slower heart rate.

Beta blockers inhibit overstimu-
lation of the sympathetic nervous
system. While they are widely used
in patients with reduced ejection
fraction, their effects on patients ex-
periencing HFpEF have been unclear
until now.

Researchers at Khalifa University
studied beta-blocker administration
in patients with HFpEF by monitoring
the effects on heart activity at differ-
ent times of the day using electrocar-
diogram (ECG) testing.

“We detected improved control of
heart-rate variability with beta block-
ers, especially at times associated
with high cardiac risk,” says biomed-
ical engineer Leontios Hadjileontiad-
is of the Khalifa team. “This suggests
that beta-blocker therapy might signif-
icantly protect patients with HFpEF.”

Hadjileontiadis emphasizes that
HFpEF is a variable condition that re-
quires treatment tailored to the spe-
cific needs of each patient. Insights

gained from this study could help to
personalize treatment. By monitoring
the patients regularly over 24 hours,
the study identified a particularly
significant improvement and overall
decreased risk of a dangerous cardi-
ac event in the early morning. At that
time of day, the risk is increased due
to a surge in activity by the sympa-
thetic nervous system.

“Prescription of beta blockers
could target high-risk time periods to
effectively regulate the heart’s func-
tion when it's most needed,” says
Hadjileontiadis.

The initial results were from a
small, short-term study of 56 treated
patients and 17 controls. The team
is planning to carry out longer-term
treatment and monitoring, and will
explore different beta blockers, as
well as the effects of variables such
as patients’ sex, age, ethnicity and
other medical conditions. The re-
searchers are also developing artifi-
cial intelligence approaches with the
potential to refine the interpretation
of heart-function data and guide the
choice of treatment options.

Saleem, S. et al. Investigating the effects

of beta-blockers on circadian heart rhythm
using heart rate variability in ischemic heart
disease with preserved ejection fraction.
Scientific Reports 13, 5828 (2023).
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SCIENTIFIC DEFINITIONS AND FACTS

Heart failure with preserved
ejection fraction (HFpEF)

is a form of heart-failure that involves
a maintained ejection fraction with no
significant decline and is becoming
increasingly common. It is often
associated with sudden death due to
abnormal heartbeats called ventricular
arrhythmias.
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mulating
aturn's
USTY Waves

Khalifa University scientists 'y i
have modelled the complex Y ¥4
way that particles of dust ¥y A
oscillate in the dusty I 4

environment of the rings
surrounding Saturn.
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Outer space is usually thought of as
being entirely empty: a cold void. In
fact, space can be dusty. Particles,
no larger than a tenth of a millime-
ter, are thrown out by ageing stars
and can play a role in planet and star
formation. They also form into rings
around planets.

Space missions such as Voyager
1, Voyager 2 and Cassini have ob-
served and studied the dusty rings
of Saturn, which are much fainter
than the rings known to astronomers
for centuries. The presence of these
rings raises fascinating questions
about how charged dust behaves in
the planet’s magnetosphere.

Kuldeep Singh and loannis
Kourakis from Khalifa University of
Science and Technology, working
with colleagues Amar Kakad and
Bharati Kakad from the Indian Insti-
tute of Geomagnetism, have now de-
veloped a numerical simulation that
can model the motion of dust in the
magnetosphere of Saturn. Specifical-
ly, the team investigated the collec-
tive oscillations of the dust particles
in magnetospheric plasma.

Plasma is composed of electrical-
ly charged ions and electrons. The
Sun ejects plasma, which cross-
es the solar system as solar wind.
When it reaches a planet’s magne-
tosphere containing dust particles,
it creates what is known as a dusty
plasma. The interplay between the
energetic particles in the solar wind
and the charged particles in the
magnetosphere creates a slow os-
cillatory motion in the dust, which
is known as a dust-acoustic wave.
“Dust acoustic waves occur thanks
to the dust providing the necessary
inertia while the thermal pressure of
the surrounding plasma supplies the
restoring force needed to sustain
the wave,” explains Kourakis. “They
are essentially tsunami-like ‘solitary’
waves in the dusty plasma related
to the collective motion of the dust.”

Kourakis and his team created a
computer model to better under-

“Dust acoustic
waves occur
thanks to the

dust providing

the necessary
inertia while the
thermal pressure
of the surrounding
plasma supplies
the restoring force
needed to sustain
the wave.”

stand the evolution and motion of
the waves using the power of fluid
dynamics. By introducing a localized
change in density in their virtual dusty
plasma the researchers were able to
observe the spontaneous birth of two
counter-propagating solitary waves.
“The computer simulations allowed
us to investigate the role of the dust
and of highly energetic, or suprather-
mal, electrons and ions on the propa-
gation characteristics of dust-acous-
tic waves,” says Kourakis.

The team focused primarily on an
environment corresponding to that
of Saturn’s magnetosphere, and the
results matched well with spacecraft
observations and previous theoreti-
cal predictions. But they believe their
model could also be relevant for oth-
er planetary environments where
dusty plasmas are present.

Singh, K., Kakad, A., Kakad, B.
& Kourakis, I. Fluid simulation
of dust-acoustic solitary waves
in the presence of suprather-
mal particles: Application to
the magnetosphere of Saturn.
Astronomy & Astrophysics
666, A37 (2022).
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KU scientists are
exploring the
connection between
dark matter and a
supermassive black
hole.

Darkmatteranc
the Milky Way

Dark matter could hold key to the nature of
a recently discovered supermassive black hole.




New mathematical solutions to Einstein’s field equations,
which are central to describing cosmology and astrophys-
ics, provide interesting alternative possibilities for the
black hole at the center of the Milky Way. These solutions
could indicate that dark matter may play a pivotal role.

For more than 15 years, it has been proposed that a
supermassive black hole, known as Sagittarius A, sits at
the center of the Milky Way. This finding earned physi-
cists Reinhard Genzel and Andrea Ghez the Nobel Prize
for Physics in 2020. Excitingly, in May 2022, the first
observations of Sagittarius A* from the Event Horizon
Telescope (EHT), a global network of connected radio
telescopes, were released which provide very strong ex-
perimental evidence that a black hole is indeed present
with an estimated mass of 4.1 million times that of the Sun.

However, the exact nature and origin of this supermas-
sive black hole is still a mystery. One possibility being ex-
plored by mathematicians at Khalifa University of Science
and Technology in the United Arab Emirates, working with
physicists at the Universidad de los Andes in Columbia, is
that dark matter could play an important role.

Writing in The European Physical Journal C, Davide
Batic, Mojahed Faraji and Marek Nowakowski applied
different dark matter profiles and equations of state to
the field equations and presented a theoretical analysis of

Did you know?
The black hole is an
' estimated mass of 4.1

million times that of
the Sun.

the solutions'. The outcome was the prediction that three
possible new astrophysical objects could be responsible
for the object at the center of the Milky Way—a fuzzy
dark matter droplet without a horizon or a black hole with
either one or two horizons.

The dark matter droplet solution displays similar behav-
ior to a conventional Schwarzschild black hole, so could
provide a plausible explanation that features dark matter.

Significantly, the different solutions have slightly varying
characteristics which the EHT should be able to test for
and identify. In particular, the EHT should have the ca-
pability to detect whether the shadow formed by a dark
matter droplet is present.

“Some of our solutions could, in principle, replace the
standard black hole picture of the galactic center and, at
the same time, have the advantage that they have been
composed of the main matter ingredient of the universe
[dark matter],” says Batic. “We hope that the existence of
these gravitational objects may be confirmed or disproved
with the help of the EHT.”

1. Batic, D., Faraji, J. Mojahed & Nowakowski M.
Possible connection between dark matter and
supermassive black holes. European Physical
Journal C 82,759 (2022).
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Revealing
insights
into cloud

formations

on Mars

Analysis of new images taken
from the Emirates Mars
Mission highlights the daily
and seasonal patterns of the
Aphelion Cloud Belt.

The Emirates Mars Mission (EMM) is primarily
focused on gathering extensive data about
the Martian atmosphere, and has been sent
into a higher orbit around Mars than many
previous missions. The EMM is revealing new
knowledge about the climate patterns on
Mars, which will improve climate and weather

26 | KU EXPLORER

forecasting for future research
and surface missions.

Samuel Atwood, postdoctoral fellow
at Khalifa University, is one of an interna-
tional team of scientists involved in analyzing
the datasets from the EMM. The team has
recently published new findings related to



the Aphelion Cloud Belt'—a

cloud formation made of water

ice particles that appears close to
the equator when Mars is furthest from
the sun. The team analyzed the structure and
daily fluctuations of the cloud belt, which is
present during spring and summer in the

northern hemisphere. Atwood is part of the
Khalifa University and University of Colora-
do-Boulder EMM collaborative research pro-
gram that launched in 2020.

“Measuring many of the basic properties of
clouds, which atmospheric scientists take for
granted on Earth, is more difficult on Mars,”
says Atwood. “EMM’s higher orbit allows us to
make observations at all local times across a
wide surface area, and we can measure dust,
water ice clouds, and temperatures across
spatial and temporal scales that haven’t been
examined before.”

The team used image data from the Emir-
ates eXploration Imager (EXI) on board EMM,
and combined these new images with those
taken by the Mars Color Imager (MARCI) on a
previous mission. This allowed them to deter-
mine the ‘ice optical depth’—in other words,
how thick each area of cloud is—at different
times of the day.

“Cloud thickness is a useful variable to
include in weather modelling, but meas-
uring a cloud’s mass from space is tricky,”
says Atwood. “Instead, we can measure
how much light passes through the cloud,
which gives an indication of how thick it is.
If we can learn more about when and where
clouds occur, and how extensive they are,
this helps us determine the underlying con-
ditions that form them.”

Their results show that there were fewer
clouds near midday than in the mornings or
afternoons. The cloud belt is much thicker
and covers much more of the planet in the
mornings than at any other time of day, par-
ticularly during the Aphelion season—the
period in each Martian year when Mars is
farthest from the Sun.

“These results will be compared against at-
mospheric computer models to help identify
key processes and understand how we might
adjust our models to better match observa-
tions,” says Atwood. “Ultimately, we want to
understand the atmosphere in detail so that
we can improve weather forecasting and cli-
mate predictions on Mars.”

1. Wolff, M.J. et al. Diurnal variations in
the Aphelion Cloud Belt as observed
by the Emirates Exploration Imager
(EXI). Geophysical Research Letters 49,
€2022GL100477 (2022).
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State-of-the-art instruments aboard
the Emirates Mars Mission (EMM)
spacecraft, together with its relative-
ly high orbit around the planet, are
providing scientists with insights into
the planet’s atmospheric temperature
profiles, and the amounts of dust
particles, water ice and water vapor
present in the atmosphere.

“Many previous missions focused
on studying the surface of Mars,
which often meant that they ob-
served small regions of the planet
at the same local time for all their
observations,” says Samuel Atwood,
postdoctoral fellow at Khalifa Univer-
sity and one of the scientists in the
international team analyzing the EMM
datasets. “EMM'’s orbit allows us to
see more of the planet at once and
to measure the atmosphere at differ-
ent times of day. This means we can
learn more about the daily dynamics
of the atmosphere.”

For this study, the team analyzed
thermal infrared spectra from the
Emirates Mars Infrared Spectrometer
(EMIRS)". The spectrometer measures
surface temperature, and can also
estimate 3D atmospheric temper-
ature profiles in columns from the
ground up to around 40 kilometers
above the surface. Further, the EMIRS
measurements enabled the research-
ers to estimate the abundance of
dust aerosols, water ice and water
vapor in the atmosphere.

“It is exciting to learn about the
day-to-day atmospheric patterns on
Mars,” says Atwood, whose team has
developed a novel algorithm to inter-
pret the data. “These initial findings
show that the planet was relatively
cool and cloudy, but with little dust
in the air; not surprising given the
data was collected during the Aphe-
lion season,” the time period in each
Martian year when Mars is farthest
from the Sun.

Water ice clouds were plentiful,
with the Aphelion Cloud Belt prom-
inent, and water vapor reached its
maximum abundance at high north-

“EMM'’s orbit allows
us to see more of
the planet at once
and to measure

the atmosphere at
different times

of day.”

ern latitudes over the summer sol-
stice. Dust opacity was at its annual
minimum, showing a latitudinal gra-
dient with more dust in the northern
hemisphere. One surprising feature
was a regional dust storm that oc-
curred earlier than expected for the
season; the EMIRS measurements
showed that atmospheric tempera-
tures in the region increased signifi-
cantly during the storm.

“The new spatial and temporal
scales enabled by EMM provide us
with a wealth of data. This study is
just the beginning,” says Atwood.
“Going forward we will be using this
information to compare against ex-
isting models for the Martian climate
and atmosphere, and this will allow
us to refine our understanding of how
the atmosphere changes over time.”

The research being conducted by
Atwood is part of the Khalifa Universi-
ty and University of Colorado-Boulder
EMM collaborative research program,
which launched in 2020.

Smith, M.D. et al. EMIRS observations
of the Aphelion-season Mars atmos-
phere. Geophysical Research Letters
49, e2022GL099636 (2022).
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Improved algorithms

boost desalination
performance

A swarm-intelligence model of hunting behavior
Is encouraging neural networks to find the best
of the best solutions to enhance the dynamic
management of desalination processes.

About half of the world’s population is
likely to be living in water-scarce condi-
tions within the next few years, accord-
ing to reports from the World Health
Organization (WHO) and the United
Nations children's charity UNICEF.

Desalination technologies, such as
reverse osmosis plants, are an impor-
tant part of addressing this growing
challenge. A research team at Khalifa
University, led by Shashikant Patole,
has developed a novel machine-learn-
ing model that holds the promise of
significantly enhancing the dynamic
management of such plants.

“It’s imperative to accelerate re-
search into improving desalination in
order to ensure a sustainable life for
humans, animals, and plants,” says Pa-
tole, adding that this could also help
desalination plants run more efficiently.

Modern reverse osmosis (RO)
plants use advanced analytics and
predictive algorithms to optimize
their performance. By dynamically
managing factors such as feed flow
rate or evaporator and condenser
intake temperatures, these systems
help maximize the plant’s output, sav-
ing time, money and energy. Patole
and his team set out to improve the
models guiding these systems.

Artificial neural networks (ANN),
which are a cornerstone of modern

machine learning and Al, are the mod-
els used to optimize RO plants. But
the standard training algorithm can
get stuck on a solution that’s good
enough rather than finding the best
overall solution. Patole and his team
have explored whether a hybrid mod-
el might do better. They used an ANN
trained not with the usual algorithm
but with a modified version inspired
by the hunting behavior of whales.

“We explored the possibility of us-
ing the Modified Whale Optimization
Algorithm [a popular swarm intelli-
gence algorithm] to overcome the
limitations of the training algorithms,”
Patole explains. “This could improve
model performance, enabling better
plant modelling and performance.”

The team started by identifying
the ideal range for a number of key
technical features of the model,
such as how many hidden layers
and search agents it had. Using
these parameters, they selected
their top 10 best models. They iden-
tified one which outperformed the
others. This best of the best model
was tested against published exper-
imental data from RO desalination
plants. In addition to producing better
predictions, the new model is more ef-
ficient than existing models because
it has a simpler structure.

Did you know?

About half of the world’s
population is likely to
be living in water-scarce
conditions within the
next few years.
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The team plans to collect more
data from RO desalination plants to
assess how well the hybrid models
perform with very large data sets.

They also hope to test the improve-
ments in practice.

“Our next step is to develop a lab-
scale prototype desalination plant
and investigate the parameters ex-

perimentally and computationally to
increase plant performance and ac-
curacy,” says Patole.

Mahadeva, R., Kumar, M. & Gupta, V.

et al. Modified Whale Optimization
Algorithm based ANN: a novel predic-

tive model for RO desalination plant.
Scientic Reports 13, 2901 (2023).
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Sustainable
solutionsto
revolutionize
wastewater
management

A pioneering method of fabricating

a catalyst used to remove

toxic chemicals from effluent
could contribute to sustainable
technologies for wastewater

management.

With the rising threat of climate
change, effective water management
is critical for nations to thrive. This is
particularly true for an arid country
such as the United Arab Emirates,
where developing sustainable and
eco-friendly methods for treating and
reusing wastewater is essential to
overcoming water security challenges.

Wastewater management research
is a key priority at Khalifa University,
where scientists are applying cut-
ting-edge chemistry and nanotech-
nology in fresh imaginative ways to

remove toxic chemicals from industrial
effluent, paving the way for sustaina-
ble water management solutions.

A vision of sustainability

“Sustainable, green wastewater
treatment technologies will play
a vital role in meeting our nation’s
challenges,” says Fawzi Banat, Chair
of the Department of Chemical En-
gineering at Khalifa University. “De-
veloping efficient and cost-effective
solutions for treating wastewater
and reusing both the water and its

components for various purposes
will provide a secure basis for future
growth and development,” he adds.
To improve sustainability, waste-
water treatment approaches must
be optimized to reduce energy con-
sumption and carbon emissions.
“The effectiveness of sustainable
treatment approaches also depends
on the specific characteristics of
the wastewater being treated, and




further research is needed to opti-
mize processes that are tailored to
the UAE’s unique conditions,” notes
Salma S. Syed, a researcher in the
same department.

The UAE is testing green wastewa-
ter initiatives—including membrane
bioreactors, constructed wetlands
and microbial fuel cells—that will help
treat wastewater sustainably, accord-
ing to Banat. “These initiatives aim to

contribute to the country’s sustaina-
ble development while addressing
water scarcity and environmental
pollution challenges,” he explains.

A ‘one-pot’ stop for

hazardous substance removal
One of the primary objectives of
wastewater treatment technologies
is to prevent the release of hazard-
ous chemicals that would otherwise

end up in soils, rivers and seas. One
such toxic pollutant is 4-nitrophenaol,
a potent substance that is primarily
used as a pesticide and is frequently
found in industrial effluent.

“If not properly treated, 4-nitro-
phenol pollutes water courses, re-
sulting in catastrophic effects on
aquatic organisms by triggering
a drop in dissolved oxygen levels
and promoting algal growth,” ex-

HENRIK JONSSON / ALAMY STOCK PHOTO

WATER SOLUTIONS




plains Syed. “Exposure to 4-nitro-
phenol can also elicit toxic effects
on plants, land animals, insects and
birds. We must take appropriate
measures to prevent its release into
the environment and treat contam-
inated areas effectively,” she says.

One way of degrading 4-nitro-
phenol in wastewater is to use gold
nanoparticles as catalysts, but to be
green their synthesis must be as en-
vironmentally friendly as possible.
Syed and co-workers recently pub-
lished pioneering results from a study
that introduced a sustainable ‘one-
pot’ method for generating uniform,
stable gold nanoparticles. Their pro-
cess uses an unexpected ingredient
as a natural reducing agent to form
the nanoparticles: an extract from the
leaves of the olive tree Olea europea.
The extract offers an eco-friendly
alternative to conventional chemi-
cal-reducing agents.

32| KU EXPLORER

“Developing
efficient and cost-
effective solutions
for treating
wastewater and
reusing both the
water and its
components for
various purposes
will provide a
secure basis for
future growth and
development.”

“We chose olive leaf extract due
to the plant’s abundance, availability
and cost-effectiveness,” says Syed.
“The extract is rich in various com-
pounds including phenolic acids,
flavonoids and oleuropein which
possess antioxidant properties that
facilitate the reduction of gold ions
to form nanoparticles. The extract
also helps prevent the nanoparticles
from clumping together, which would
render them unusable,” she explains.

Various parameters were manipu-
lated to optimize the process, includ-
ing altering pH, temperature and re-
action time. The final method proved
to be rapid and efficient, yielding sta-
ble, easily reproduced nanoparticles
with enhanced catalytic activity.

The team then ran experiments to
test the ability of the synthesized na-
noparticles to degrade 4-nitrophenol.
They created a photocathode that
generates and transfers electrons
upon light exposure. This method,
known as photoelectrocatalysis, not
only degrades organic compounds
but also generates electrical current
that can power electrochemical reac-
tions to further enhance the degrada-
tion process.

“Photoelectrocatalysis surpass-
es other ways of reducing organic
compounds in wastewater because
it enables a more efficient electron
transfer and can selectively target
particular organic pollutants,” notes
Banat. “Our gold nanoparticles exhib-
ited remarkable catalytic efficiency
and activity in reducing 4-nitrophenol
under UV light irradiation.”

Banat’s team also discovered that
by using the olive leaf extract, scien-
tists could manipulate the size, shape
and other properties of the gold na-
noparticles. “This is pretty exciting. It
means we could produce nanoparti-
cles with adjustable properties for var-
ious applications in biomedical, cata-
lytic and sensing fields,” Banat says.
“We will certainly be pursuing our re-
search and exploring the full potential
of this green synthesis method.”

HENRIK JONSSON / ALAMY STOCK PHOTO



More in the
wastewater
research
pipeline

Ongoing projects related to waste-
water treatment at Khalifa Univer-
sity include the optimization of
membrane bioreactor systems to
remove organic and inorganic pol-
lutants. The research is focused
on investigating the effects of
different operational parameters,
such as hydraulic retention time
and sludge retention time, on re-
moval efficiencies.

Researchers are also exploring
the use of electrochemical oxida-
tion for treating both industrial and
municipal wastewater, and devel-
oping technologies to recover val-
uable nutrients such as nitrogen
and phosphorus.

Syed, S.S. et al. Rapid biosynthesis and
characterization of metallic gold nan-
oparticles by olea europea and their
potential application in photoelectro-
catalytic reduction of 4-nitrophenol.
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Environmental Research (2023).
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Oil extraction produces more than just oil. Ener-
gy companies pump large quantities of water into
wells to coax petroleum from the ground, resulting
in large volumes of wastewater laden with contam-
inants. A notable contaminant is phenol, which has
been linked to organ damage in laboratory animals.
Conventional water treatment methods either do
not work on the toxic organic compound, or they
are too expensive or energy intensive.

In the United Arab Emirates and other arid
oil-producing regions, reusing this wastewater is of
utmost importance to ensure a stable water supply.
“This is a very dry place,” says Emad Alhseinat, a
chemical engineer at Khalifa University. “We don’t
have much water. But we have a huge amount of
wastewater. Being able to use it is important for the
stability of our water supply.”

Building on their expertise in material and mem-
brane science at Khalifa University, Alhseinat, in
collaboration with chemist Dinesh Shetty and a
research team including postdocs Jisha Kuttiani
Ali and Abdul Khayum Mohammed, embarked
on a quest to tackle the problem. Collaborating
with researchers from Nottingham Trent Universi-
ty in the UK and New York University-Abu Dhabi,
they discovered that, by using two materials that
hadn’t been combined for phenol removal before,
they were able to create a low-cost solution. Their
membrane, created by mixing a small amount of
covalent organic framework (COF) with cellulose
acetate, an affordable biodegradable polymer, had

3 | KU EXPLORER

Innovative
membrane
revolutionizes
cleanup of
wastewater

A novel method of removing a

wastewater could help secure
a stable water supply in arid,
oil-producing regions.

toxic pollutant from oil and gas

the right structure to trap phenol while allowing
water molecules to pass through. Remarkably, the
membrane removed 80% of the contaminant.

Shetty came up with the overall COF design, with
inputs from Mohammed and Ali. Alhseinat and Ali
fabricated and tested the COF-cellulose acetate
membrane and performed the phenol removal.
They collaborated with Nottingham Trent University
on the structural simulation of the COF.

The postdocs played a crucial role in the break-
through, says Shetty. “Khalifa University is one of
the top universities in the region, and we are at-
tracting good postdocs from around the world,”
he says. “For me, the most satisfactory experience
was mentoring these next-generation scientists.”

Alhseinat, who first joined KU as a researcher and
is now an associate professor, credits the university’s
considerable resources for making the work, which
was published in Chemical Engineering Journal, pos-
sible. “To succeed as a researcher and professor, you
need very good research facilities, and Khalifa has
just that,” he says.

“There are state-of-the-art instruments, a great
community, and we have very good advisors here.
They are outstanding in their fields.”

Mohammed, A., Ali, J. Kuzhimully, M. Addicoat, M.A., Vargh-
ese, S. Baias, M., Alhseinat, E & Shetty, D. The fragmented
3D-covalent organic framework in cellulose acetate mem-
brane for efficient phenol removal. Chemical Engineering
Journal 466, 2023.
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SCIENTIFIC DEFINITIONS AND FACTS

Freeze desalination

is a new low-energy desalination
technology where salt crystals are
removed by partially freezing the water
which then solidifies, leaving the salt
crystals behind in a highly saline brine.
The separated ice is washed before being
melted, producing fresh water at low
cost.
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With only three countries in the region on track for the °1.5C global
warming goals, a new study suggests it may be more realistic-and fairer—
to take socioeconomic differences into account.

\

Did you know?

The 2015 Paris
Agreement targets
keeping the global

temperature rise below
a 2°C increase relative
to pre-industrial levels.
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Climate change mitigation should have never been
higher up on the regional agenda, with COP27 being
hosted in Egypt in 2022, and COP28 in the United
Arab Emirates this year—or so one would imagine. A
new study by Khalifa University Professor of Practice
and Senior Vice President for Research and Devel-
opment Steve Griffiths and collaborators from the
Cyprus Institute indicates that with only five excep-
tions, all 17 countries in the Eastern Mediterranean
and Middle Eastern (EMME) region have not set
greenhouse gas emission reduction strategies that
align with ranges the researchers consider equitable
for keeping the global temperature rise below a 2°C
increase relative to pre-industrial levels, which is a
target laid out in the 2015 Paris Agreement.

Although the EMME region as a collective would
need to drop its emissions by nearly 50% by 2030
to be in line with the more ambitious 1.5°C global
warming scenario, the study, published in Climate
Policy, indicates that it is crucial to look beyond sheer
emissions reduction numbers. The research advo-
cates that when setting climate change targets and
strategies, policymakers should take into account
factors like the socioeconomic and political context
of each country, as well as historical emissions.

“Countries regionally and globally have very differ-
ent levels of wealth, very different demographics and
very different levels of maturity in terms of what they
have been doing to try and deal with carbon emis-
sions,” says Giriffiths.

The authors argue that approaches that combine
equity principles of capability, responsibility and
equality should be considered in order to identify
those that are both realistic and fair. This means that
some countries experiencing instability or that are in
fragile situations socially, economically or politically,
like Syria, may not be able to take immediate climate
change mitigation actions aligned with their histor-
ical emissions. Such countries might be allowed to
increase their emissions in the short run to be able to
improve their economies and societies before they
are asked to reduce their emissions.

“Some countries, particularly those with high emis-
sions and who are wealthy, have more of a burden,”
Griffiths adds.

The study advocates for focusing carbon emis-
sions targets and strategies primarily on the equity
principles of responsibility and capability. Because
oil-reliant economies like the Gulf countries may not
be able to achieve decarbonization targets by 2030

without heavily affecting their economies, the au-
thors suggest that these countries take leading roles
in implementing emissions mitigation approaches,
such as Circular Carbon Economy (CCE) or Extend-
ed Producer Responsibility (EPR) principles. CCE and
EPR promote carbon removal as means of achieving
net-zero carbon emissions rather than eliminating
emissions altogether.

Griffiths explains that Saudi Arabia and the UAE
are already taking initiative on the CCE and EPR
fronts and are well poised to be regional leaders on
the approaches. “Many countries will not be able to
pick up the costs associated with developing car-
bon capture, removal, utilization and storage tech-
nologies that can benefit all countries regionally and
globally. The Gulf countries, however, can and are
developing these technologies,” he notes.

The EMME region includes Bahrain, Cyprus, Egypt,
Greece, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon,
Oman, Palestine, Qatar, Saudi Arabia, Syria, Turkey
and the UAE. These countries, Griffiths explains,
present a diverse set of different socioeconomic sit-
uations and climate contexts. “I believe that there
is a need to look at the whole world together when
you are looking into decarbonization requirements.
Some countries will lead the effort because of their
current circumstances. Considering the EMME region
a collective allows us to partition commitment time-
lines most suited to individual national situations,”
explains Giriffiths.

Out of the 17 countries, only Greece, Iran, Israel,
Jordan and the UAE currently have Nationally De-
termined Contributions (NDCs) with 2030 carbon
emissions targets that the researchers consider in
line with equitable ranges for achieving the Paris
Agreement 2°C goal. Even fewer—three, including
the UAE—fall in line with ranges that encompass the
1.5°C goal. By contrast, Egypt, Iraqg, Kuwait, Oman,
Palestine and Turkey have 2030 NDC carbon emis-
sions targets that actually point to an increase in
emission levels compared to 2016. None of the
countries studied have proposed a strategy to re-
duce 2030 carbon emissions by more than half rel-
ative to 2019 levels. It is ultimately this level of ambi-
tion, however, that may be required to meet the very
challenging Paris Agreement 1.5°C goal.

Yiakoumi, D. et al. Sharing the decarbonisation effort: Get-
ting Eastern Mediterranean and Middle East countries on
the road to global carbon neutrality. Climate Policy (2023).

>
o3
> =
— L
o
Pyl
(55
g
=
L1
»
(58]
>
o=
w




ADIO-
hased
solution
to quick
eliminate
single-use
astiCS
altogether

A concerted effort to speed

up development of bio-based
packaging materials could soon
make single-use plastics a
thing of the past.

Synthetic materials remain major contributors to
global pollution despite increasing recycling rates.
Non-biodegradable plastics, such as single-use
plastics, release harmful endocrine disruptors and
tiny particles that accumulate in the environment,
pushing pollution to near-critical levels. Alternative
bio-based compounds produced from renewable
and green sources such as food waste could be a
sustainable alternative, and would seamlessly inte-
grate into the biosphere, minimizing the effect of
common plastic pollutants.

38| KU EXPLORER

An international team led by researchers at Khal-
ifa University has proposed guidelines that could
help accelerate the development of bio-based
materials into scalable packaging materials and
eliminate single-use plastics typically used for food
packaging.

“Using more bio-based building blocks can in-
crease the profitability of growing biomass and pro-
mote a greener world,” says chemical engineer and
lead author Blaise Tardy, from KU’s Research and
Innovation Center on CO2 and H2 (RICH).



Tardy and collaborators suggest that the slow
technology transfer between industry and academ-
ia is a result of the disconnect between publicly
funded research and research funded by industry.
They noticed that team leads from industry did not
read the scientific literature but relied on unpub-
lished internal findings. Conversely, most scientific
publications involved only academics, and their re-
al-world impact waned over the years.

To remedy this disconnect, the researchers
have suggested that scientists follow specific tar-

“Using more bio-based
building blocks can
increase the profitability
of growing biomass and
promote a greener world.”

— Blaise Tardy, Research and Innovation Center
on CO2 and H2, Khalifa University.

gets when it comes to isolating and transforming
bio-based building blocks into scalable packaging
materials, set through discussions with compa-
nies, and government support. Scientists should
also adopt a more modern approach to industry
interactions, such as open innovation schemes; as
current translation schemes are neither benefiting
universities nor society.

“The way Khalifa University interacts with indus-
try is in this direction,” Tardy says.

Now the KU team is studying ultrasmall natural
fibers obtained by breaking down cellulose, the
Earth’s most abundant biopolymer. In addition to
being biodegradable, these nanofibers, or fibril-
lated cellulose, present interesting mechanical,
optical and thermal properties, making them
attractive for numerous applications, including
food packaging.

According to Tardy, industry has made early
developments on these fibers but problems have
emerged, slowing wider implementation of indus-
trial scale-up. “Everyone is publishing on this topic,”
he says, “but you cannot always use the data be-
tween publications. For example, there are many
reports focused on the nano-sized fibers from dif-
ferent types of banana peel, but the data is not
benchmarked. Therefore, industry cannot know
which findings are improving the state of the art.”

The researchers are currently evaluating vari-
ous sources of cellulose to define benchmarks.
The team is also assessing the potential of several
green packaging solutions. “Much of our focus is on
processing regional biomass to obtain high-quality
building blocks for sustainable materials, a budding
practice in arid areas,” Tardy concludes.

Tardy, B.L., Richardson, J.J., Greca, L.G., Guo, J.,
Bras, J. & Rojas, O.J. Advancing bio-based mate-
rials for sustainable solutions to food packaging.
Nature Sustainability 6, 360-367 (2023).
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Forecasting air
quality for cleaner
skies across the
United Arab Emirates

How Khalifa University is monitoring air quality
across the country to mitigate climate change.

Air pollution is a global problem, and when
air quality drops to unhealthy levels, it af-
fects both the environment and human
health. Emitted mainly from the combustion
of fossil fuels, nitrogen dioxide (NO,) is one
of the main air pollutants and contributes to
the formation of ground-level ozone, smog
and acid rain.

At Khalifa University’s Department of Elec-
trical Engineering and Computer Science,
Zeyar Aung and PhD candidate Aishah Al
Yammahi have worked on mathematical
models that analyze NO, data to uncover
patterns and forecast future air pollution
levels in the United Arab Emirates. Their
published results and current research pro-
jects are addressing United Nations’ Sus-
tainable Development Goals, shaping our
understanding of environmental dynamics,
and paving the way for pollution mitigation
strategies.

Extracting meaningful patterns from
weather stations across the country

In a recent study, Aung and Al Yammabhi
analyzed NO, data from 14 weather stations,
located in Abu Dhabi, Al Dhafra, Al Ain and
rural areas of the UAE. The data spanned
a two-year period, from 2019 to 2020, and
was made available by the Environment
Agency Abu Dhabi (EAD). Publishing their
findings in Scientific Reports, Aung and

Al Yammabhi’s results showed the effect of
seasons and human activities to the con-
centration level of NO,. The two researchers
used a mathematical tool, known as wavelet
transform, to identify periodic patterns pres-
ent in the data.

Similar to a magnifying glass that can
zoom in or out on the data, the models al-
lowed researchers to see both the big pic-
ture and the fine details. They could reveal
both geographic and seasonal differences,
as well as the effect of the COVID-19 lock-
down between April 2020 and July 2020,
when schools and universities were closed
and employees were predominantly work-
ing from home.

For example, NO, was more highly con-
centrated during the winter season, prob-
ably due to decreased sunlight and lower
temperatures, between December 2019
and February 2020. The highest NO, lev-
els were detected in downtown Abu Dhabi,
while desert and urban areas showed the
lowest concentrations.

The lockdown had a positive effect on air
pollution in Emirati cities. Stations in the ur-
ban areas of Abu Dhabi city, Al Dhafra and
Al Ain all showed a reduction in NO, dur-
ing the lockdown. On the other hand, NO,
concentrations during the same period in
the desert areas of Liwa and Al Quaa were
unaffected.

>
o3
-=
—_
o
Pyl
<|J-
zm
==
=
»
(58]
2=
mw




The study showed that the level of
NO, varied in a repeating pattern or
cycle and lasted from a few days up
to 16 days in most regions. An excep-
tion was the area of Al Mafraq in Abu
Dhabi where the pre-pandemic peri-
odicity of NO, was much longer, be-
tween 64 to 128 days. The exact rea-
son for this pattern may depend on
various factors that affect the release
and dispersion of NO, in the air, such
as atmospheric conditions, seasonal
changes and human activities. By
studying the periodicity of pollutants,
scientists can gain insights into their
behavior, understand their sources
and impacts, and advise strategies
for pollution control and mitigation.

“The results give us a much bet-
ter understanding of the seasonali-
ty and periodicity of NO, across the
urban and rural areas in the United
Arab Emirates. This study along with
similar studies on greenhouse gases
conducted at Khalifa University and
other research institutions provide
valuable results to inform policy mak-
ers,” says Aung, who teaches at the
Department of Electrical Engineering
and Computer Science.

“We focused on NO, as a case
study. However, the same methods
and types of analysis could be ap-
plied to other types of air polluting
gases,” explains Al Yammabhi.

Forecasting air pollution

with statistics and machine
learning

Beyond analyzing NO, data from the
past, Aung and Al Yammahi have also
applied two statistical models and
two machine learning models to fore-
cast future NO, concentration levels.
They trained the models with the
data from January 2019 to Novem-
ber 2020, and then used the trained
models to predict the NO, concentra-
tion values for December 2020. The
researchers compared the predicted
data with the measurements from
the weather station to determine the
most effective forecasting methods.

“This study along
with similar studies
on greenhouse
gases conducted at
Khalifa University
and other research
institutions provide
valuable results

to inform policy
makers.”

There are two basic modes of fore-
casting: open-loop and closed-loop.
In the open loop, 700 days (1 Janu-
ary 2019 to 30 November 2020) were
used to train the models and predict
the NO, levels for the following day (1
December 2020). Subsequently, the
actual data from 701 days (1 January
2019 to 1 December 2020) were used
to train and forecast for the following
day (2 December 2020).

On the other hand, closed-loop
forecasting utilizes the data from
700 days to make predictions rang-

ing from 1-31 days ahead. Typically,
the closed-loop architecture is faster
but less accurate compared to the
open-loop architecture. In this study,
published in the journal Heliyon, the
machine learning models and the
open-loop method demonstrated
better accuracy, closely predicting
the NO, values.

“We achieved accuracies rang-
ing from very good to acceptable in
all the 14 locations included in our
study,” adds Al Yammabhi.

A glimpse at the future:
monitoring air pollution from
the sand to the sky
Beyond the data on air pollution com-
ing from weather stations, the team is
keen on analyzing the concentration
of NO, present in its natural trappers,
such as sand. Sand acts as a sink,
where pollutants can accumulate
over time. “Environmental samples
can reveal the historical concentra-
tion levels of NO, and other pollut-
ants, whereas the ground stations
typically measure atmospheric NO,
level at a particular time point,” ex-
plains Aung.

Furthermore, satellite-based instru-
ments offer another way to monitor
NO, concentrations over large are-
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as, including remote or inaccessible
regions. For example, the European
Space Agency (ESA) launched the
SENTINEL-5 satellite in 2021. One
of the objectives of this satellite is
to measure NO, as well as ozone
sulphur dioxide and other pollutants
based on their unique ways of ab-
sorbing and scattering light of visible
and non-visible wavelengths.

“We are currently exploring the
combination of satellite data from
SENTINEL-5 with ground-based
measurements and various modelling
techniques to assess air quality, mon-
itor pollution sources and evaluate
the effectiveness of pollution control
measures,” says Aung.

The study of air quality and climate
change remains at the forefront of
Khalifa University’s strategic priorities.
This commitment is evident through
the recent signing of a Memorandum
of Understanding between the Envi-
ronment Agency — Abu Dhabi (EAD),
Khalifa University, and seven other
esteemed universities in the United
Arab Emirates. By joining forces, the
country is poised to make significant
contributions to understanding and
mitigating the impact of air pollution
and climate change in the region.

1. Al Yammahi, A. & Aung, Z. A

study of nitrogen dioxide (NO2)
periodicity over the United Arab
Emirates using wavelet analysis.
Scientific Reports 1241 (2022).

2. Al Yammahi, A. & Aung, Z. Fore-
casting the concentration of NO2
using statistical and machine learning
methods: A case study in the UAE.
Heliyon 9.2 (2023).

Understanding the lifespan of

NOzin the air

Unravelling the lifespan of NO,
in the atmosphere is a com-
plex task: it can vary from a few
hours to days and depends on
several factors, including sun-
light intensity and the presence
of other air pollutants. When
hydrocarbons in fossil fuels
react with air in combustion
engines, they produce mainly
nitric oxide (NO) and some NO,,.

Sunlight can trigger the conver-
sion of NO, to NO, resulting in
the production of ground-level
ozone as a side pollutant. Oth-
er air pollutants can play a role
in the conversion of NO to NO,,
and NO, can react with other
substances to produce respira-
tory irritants, such as nitric acid,
particulate matters and peroxy-
acyl nitrates.

An Al-based platform to
monitor and predict air quality

Khalifa University of Science
and Technology in collabora-
tion with the UAE’s Ministry of
Climate Change and Environ-
ment (MOCCAE) has created
an Artificial Intelligence (Al)
platform that displays real-time
air quality readings based on
satellite data. The tool can also

predict the UAE’s air quality
and the concentration of dust
and particulate matters with a
diameter of less than 2.5 mi-
crons (PM 2.5) for up to three
days in advance. The tool can
be found on the MOCCAE web-
site at https://ai-for-sdgs.acade-
my/case/274.

FEBRUARY 2024 | 43

ESA/ MODIFIED COPERNICUS DATA (2018), PROCESSED BY KNMI




Innovative clean energy
solutions to address
carbon dioxide and
hydrogen challenges

A multipronged strategy for carbon capture and
conversion as well as hydrogen production is set
to provide sustainable energy solutions.

Sustainable energy sources are critical for
both improving quality of life and fostering
economic growth. However, fossil fuels
dominate current energy production, caus-
ing substantial CO2 and greenhouse gas
emissions that harm the environment. Solu-
tions to this fossil fuel dependency require a
holistic approach encompassing economic,
security and environmental considerations.

To address these challenges, Khalifa Uni-
versity has adopted a multipronged strate-
gy encompassing carbon capture and uti-
lization as well as H2 production. The first
technology involves collecting produced
CO2 before its release into the atmosphere
and either storing it in geologic formations
or transforming it into useful products or
materials. Hydrogen, an energy vector that
can be derived from low-carbon sources
and serve as a clean fuel or feedstock, is
equally important.

However, high cost and inadequate infra-
structure have prevented these technolo-
gies from reaching their full potential.

Now, thanks to cutting-edge research and
innovation at KU’s Research and Innovation
Center on CO2 and H2 (RICH), these issues
are being addressed.

A mission to decarbonize

Under the directorship of Lourdes Vega,
Khalifa University established RICH in
2019 to catalyze the UAE’s energy tran-
sition efforts.

“We saw the opportunity to create this
unique center after the Petroleum Institute,
Masdar Institute, and Khalifa University
of Science of Technology and Research
merged into the current Khalifa University in
2017, bringing together experts in the fields
of CO2 and hydrogen from the three institu-
tions,” Vega says. The center is expected to
generate knowledge and applications in the
fields of CO2, hydrogen and clean energy.

Research at RICH involves a multidisci-
plinary strategy combining modelling and
experimental methods to develop novel ma-
terials and technologies for carbon capture
and utilization, as well as H2 production,
storage and distribution. It covers all areas
ranging from materials chemistry, sustain-
able fuels, membranes, process modelling
and optimization, biochemistry to fuel cells
and life cycle assessment.

“Fundamental science is key for decar-
bonization and sustainability because [that’s
how we make] technological breakthroughs,
but we also need to put our determination
and imagination into finding the best ways
to apply it, so that the planet and society
benefit from this knowledge. Hence, anyone
can be part of the game,” explains Vega,
who believes in leading by example.

Ahmed Al Hajaj, a member of RICH, fo-
cuses on promoting and expediting the
advancement of decarbonization technol-
ogies. He has devised an integrative ap-
proach to design high-performance CO2

Researchers
explore innovative
ways to generate
materials with
enhanced CO2
capture efficiency.




capture materials. His team seam-
lessly blends experimental efforts,
which generate vital data and materi-
al insights, with molecular simulations
and process models.

The holistic approach provides the
means to tailor material design and
development stages based on an
understanding of underlying physical
phenomena. The approach also fast-
tracks the maturation of novel materi-
als and processes, he explains, allow-
ing researchers to identify trade-offs
associated with materials and over-
come issues that previously hindered
large-scale technologies, such as the

i

“Fundamental
science is key for
decarbonization
and sustainability
because [that’s
how we make]
technological
breakthroughs.”

ill-fated commercial-scale carbon
capture and sequestration projects.

Toward optimal

carbon capture

RICH researchers have explored
various innovative approaches to
generate materials with enhanced
CO2 capture efficiency. They have
modified the surface of graphene
oxide—a high-surface-area derivative
of the single-layered carbon-based
material graphene that can adsorb
gas molecules—using UV light. The
resulting graphene oxide foam cap-
tured 30 times more CO2 and pre-
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sented seven times greater capacity
under certain conditions compared to
its precursor.

They have also produced activated
carbon-based materials from nontra-
ditional sources, such as waste from
date seeds. Additionally, they de-
veloped hybrid materials, such as
graphene oxide and highly ordered
porous compounds called metal or-
ganic frameworks. These hybrids ex-
hibit higher capture efficiency than
their individual precursors.

Another approach conceived by
Ludovic Dumée, a RICH member
and expert in molecular separation
and selective resource recovery, fo-
cuses on extracting CO2 present at
low concentration in air and sea wa-
ter. While challenging, this approach
could help reduce emissions and
generate CO2 on demand.

Dumée’s team is working on re-
ducing the energy footprint of tech-
nologies involved in extracting CO2
from dilute streams and, in this case,
engineering scalable nanostructured
materials that are more selective and
easier to regenerate.

Aligning with global players

One of RICH’s main goals is to pro-
mote knowledge exchange, technol-
ogy transfer, and awareness of CO2

and H2-related technologies globally.
It aims at educating scientists and en-
gineers, fostering collaboration with
industry, and contributing to a sus-
tainable energy future.

To enhance the center’s visibility,
members organize events and par-
ticipate in international conferences,
such as the 15th International Con-
ference on Greenhouse Gas Control
Technologies, the 13th Asia-Pacific
Conference on Combustion, and
the 16th International Conference on
Properties and Phase Equilibria for
Process and Product Design.

“Faculty members at RICH are ac-
tively looking for collaborations from
academia and industry, as this is part
of our DNA, and the only way to be
at the forefront in our areas of exper-
tise,” Vega says.

Since the inception of the center,
members have established academic
collaborations with key players from
around the world, with whom they ex-
change students and visitors, co-ad-
vise graduate students, and publish
together. They also closely collaborate
with national and international compa-
nies, agencies and the government.

RICH, for instance, is working with

At RICH Lourdes
Vega'’s team
pioneers clean
energy solutions
to CO2 and H2
challenges.

Emirates Steel Arkan and the ce-
ment company AlJazeera Factory on
a project that involves reacting CO2
with waste from the steel factory to
produce lightweight, precast, foam
concrete building materials suitable
for manufacturing block-like masonry
units.

Another strategic collaboration
with the energy group Advanced
Turbine Development/Creative Pow-
er Solutions (ATD/CPS) focuses on
hydrogen utilization and sustaina-
ble fuels for combustion. The part-
nership, managed by Dimitri Kyritsis
who oversees research on hydrogen
transportation and utilization, has led
to the creation of a high-pressure
combustion research facility.

The facility is provided by ATD/CPS
and Atlas Electronik and will make it
possible to test flexible fuels derived
from hydrogen, natural gas- and am-
monia-based hydrogen blends, and
synthetic fuels developed inhouse
under industrial conditions.

“Our mission is to advance clean
technologies as much as we can, and
we are eager to put our efforts in this
direction with as many partners as
possible,” Vega says.

KHALIFA UNIVERSITY



AT THE CROSSROADS
OF BIOLOGY AND
ELECTRONICS

Anna-Maria Pappa, Assistant Professor, Department
of Biomedical Engineering, Khalifa University of

Science and Technology.

Anna-Maria Pappa, assistant Profes-
sor at the Department of Biomedical
Engineering at Khalifa University and
a visiting scholar at the University of
Cambridge in the UK. She moved
from chemical engineering to health-
care diagnostics via nanotechnology,
and now runs a research group at
Khalifa University..

How did you find your way into
bioelectronics research?
Serendipity! | was doing my master’s
degree in Greece, when | met my
future PhD adviser Roisin Owens,
during her sabbatical as a visiting
professor. | was impressed by her ap-
proach to science. | asked if she had
any available positions in her group,
and luckily, she did.

| stress to students that choosing a
PhD program largely revolves around
the adviser. Of course, if they have
a shared area of scientific interest,
even better. In my case, | was not in-
terested in bioelectronics at the time,
but | have developed a deep passion
for it and my PhD years in France
were the best in my life.

What is the current focus

of your research?

Since establishing my own group
here at KU, we've divided our bioe-
lectronics interests into two primary
areas: wearable biosensors and cell
membranes on chip. Although the fi-
nal applications seem different, the
common denominator is improving

the interface between the biotic (bi-
ological) and the abiotic (electronic)
components.

What are the challenges

of this type of work?

We face a significant contrast be-
tween the soft communication
through ions that takes place in bi-
ology and the hard, electron-based
communication used by convention-
al electronics. This communication
mismatch can significantly hinder
the efficacy of bioelectronic devic-
es through signal loss, in addition to
compromising the functionality of the
biological components.

To address this, we use conducting
polymers, also known as plastic elec-
tronics. They exhibit properties that
resemble the in vivo environment of
cells and proteins and are biocom-
patible. Moreover, they have practical
advantages such as cost-effective-
ness and being easy to process by
printing. | believe these materials are
the future of bioelectronics.

What makes Khalifa University a
good place to work?

First and foremost, I’'ve been able
to establish valuable collaborations
with colleagues from complementary
fields. Multidisciplinarity, which has
always been integral to my research,
is an approach that the university
supports. Additionally, it offers great
opportunities for both internal and
external funding. In my two years

here, I've seen a lot of initiatives
aimed at strengthening research ac-
tivities and promoting international
collaborations.

What is your most significant
achievement?

It was a great honor to get a LORE-
AL UNESCO fellowship award for
women in science in 2017 for my
PhD activities. Also, during my
postdoc studies at the University
of Cambridge, | was named among
Massachusetts Institute of Technolo-
gy’s list of innovators under 35. This
recognition coincided with the day |
gave birth to my son, which was the
biggest highlight of all!

What breakthroughs in
bioelectronics are you

hoping to witness?

A substantial breakthrough has al-
ready been achieved with the devel-
opment of implantable bioelectron-
ic devices that stimulate the spinal
cord, restoring mobility after paraly-
sis. This was pioneered by Stephanie
Lacour and Grégoire Courtin at EPFL.
They’ve made remarkable progress
in treating paralysis. In the future, the
possibilities are vast, including: edi-
ble electronic pills that map specific
parts of our body and deliver drugs
on demand; wearable sensors that
continuously monitor our health;
neurovegetative-disorder treatments
using electrical stimulation; and so
many others.
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Decgdinrabia
landforms reveals more
than geological history

An innovative approach to determining the forces that have shaped the

southeast Arabian Peninsula over the past 20 million years could inform
the success of future carbon dioxide storage operations.
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Many of the Earth’s most notable geological features
formed in the past 66 million years, a time known as the
Cenozoic era. Understanding how these physical forma-
tions resulted from the planet’s shifting tectonic plates
continues to inform earthquake prediction and the search
for oil and gas, but may take on a new climate change-re-
lated significance in identifying optimal sites for carbon
dioxide storage and nuclear waste containment.

Francesco Arboit, from the Department of Earth Scienc-
es at Khalifa University, in collaboration with colleagues
from Trinity College Dublin in Ireland, is studying the Ce-
nozoic compression—the collision of the northward-mov-
ing Arabian Plate with the Eurasian Plate as it moves
north-northeast. This geological compression continues
to shape the Arabian Peninsula, giving rise to a number
of features such as the Zagros Mountains in Iran, Iraq and
Turkey, the Hajar Mountains in Oman and the United Arab
Emirates, and the Southeast Arabian Foreland Basin that
lies between them.

Several tectonic mechanisms have been proposed to
explain how the foreland basin formed. Arboit points out
that one tangible manifestation of these deformational
effects can be seen at the surface of the Southeast Ara-
bian Foreland Basin just outside the city of Al Ain. Here,
the compressional forces have folded the rock layers up-
wards. The Jabal Hafeet anticline, composed of carbonate
rock, stretches approximately 26 kilometers in length and
spans five kilometers in width.

“We used an innovative approach to determine the ab-
solute timing of the deformation events by mixing geo-

chemical imaging with uranium-lead dating and geochem-
ical characterization of the cements that form in the rock
fractures and faults,” explains Arboit.

By analyzing 500 samples extracted from several sep-
arate locations throughout the anticline, the team un-
earthed a compelling timeline of events. The researchers
concluded that the basin had been experiencing a steady
east-to-west push of the Makran compression onto the
Arabian Block, which has been evident in the Southeast
Arabian Foreland Basin for about 20 million years. The
movement has developed into three distinct phases of
brittle deformation occurring around 20, eight and two
million years ago, leading to the formation of the Jabal
Hafeet mountain.

The team also identified carbonate veins within the ba-
sin, which shed light on the presence of complex hydro-
carbons, suggesting a history of fluid flow from deeper
rock formations to the surface during the Cenozoic period.

“While this research didn’t directly focus on carbon di-
oxide storage sites, the rocks we investigated yield key
information for this purpose,” says Arboit. “So, it is of cru-
cial importance to understand when and how these rocks
were deformed to maximize the success of carbon dioxide
storage operations.”

Arboit, F.,, Drost, K., Decarlis, A., Chew, D., Hennhoefer, D. & Ce-
riani, A. The influence of Cenozoic Eurasia-Arabia convergence
on the Southeast Arabian Foreland Basin: new geochronologi-
cal and geochemical constraints from syn-kinematic carbonate
mineralization. Scientific Reports 13, 4387 (2023).
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mMetal-organic
frameworks

A simple, eco-friendly method produces highly ordered

copper-based metal organic frameworks.

Khalifa University has developed a
user-friendly method that generates
high-performance porous materials
known as 2D conjugated metal or-
ganic frameworks without requiring
solvents. The new approach could
offer scalable and environmentally
conscious solutions to many issues
related to energy storage, optoelec-
tronics and electrocatalysis.

Two-dimensional conjugated met-
al organic frameworks have recent-
ly shown potential as electrically
conductive materials because of
their outstanding intrinsic electrical
and optical properties. Key to these
physical properties is their well-de-
fined molecular architecture, which
involves inorganic nodes connect-
ed to organic building blocks bear-
ing pre-oriented functional groups
for metal coordination. The linkers
consist of benzene-derived back-
bones that promote 2D electron
transport via m-conjugation in the
resulting networks.

Despite their potential applica-
tions, few approaches have been
developed to generate these net-
works. This is because existing or-
ganic backbones, which consist of
expensive polycyclic aromatic hy-
drocarbons, are costly and difficult
to synthesize. Only a handful of
functional groups, such as carboxylic
acids, amines, and thiols, have been
explored for metal coordination.

Now, an international team led by
Dinesh Shetty from the university’s
Center for Catalysis and Separation
has devised an eco-friendly method
that readily produces 2D conjugat-
ed frameworks by combining linkers
called salicylaldehydes with copper
ions.

Salicylaldehyde linkers, which
contain the oxygen-based functional
groups aldehyde and hydroxyl next
to each other, are typically used to
fabricate covalently bound organic
networks. In contrast, the research-
ers decided to investigate its ability

“Having these
groups next to
each other helps
provide a better
coordination

and makes the
array of ligands
directly attached
to the metal ions,
or coordination
sphere, complete.”

to create metal organic frameworks.
They chose a salicylaldehyde linker
comprising a benzene core bearing
three aldehyde—hydroxyl pairs. Each
aldehyde—hydroxyl pair can bind to
one metal by forming two bonds,
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which is crucial for network stability.

“Having these groups next to each
other helps provide a better coordi-
nation and makes the array of ligands
directly attached to the metal ions, or
coordination sphere, complete,” Shet-
ty says. “Imagine yourself holding a
metal atom with both hands instead
of one. Two hands give much strong-
er structure, and the metal cannot
leach out,” he explains.

The researchers added a commer-
cially available salicylaldehyde pow-
der to several copper salts in a mortar,

\Y

ground the powders together using a
pestle without catalyst or organic sol-
vent, and heated the solid mixtures to
90°C for five hours.

The resulting networks showed
good crystallinity and excellent stabil-
ity. In a proof-of-concept experiment,
these networks exhibited promising
electrical conductivity when deposit-
ed on copper foil.

The team is now evaluating vari-
ous salicylaldehyde-based networks

experimenting with other metal ions
and expanding the aromatic compo-
nent of the linkers to optimize the
stability and electrical conductivity
of their system.

Mohammed, A K., Pena-Sénchez, P.,
Pandikassala, A., Gaber, S., AlKhoori,

AA., Skorjanc, T., Polychronopoulou,

K., Kurungot, S., Gandara, F. & Shetty,

D. Salicylaldehydate coordinated
two-dimensional-conjugated metal-or-
ganic frameworks. Chemical Commu-
nications 59, 2608-2611 (2023).
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Igniting a vibrant
ecosystem of
innovationin
2D materials

The Research & Innovation Center for
Graphene and 2D Materials (RIC2D)

at Khalifa University solves the local
challenges of developing and deploying
innovative materials, while fostering
worldwide collaborative academic and

industrial partnerships.

For the past two decades, graphene has
captivated scientists with its exceptional
properties, including high thermal and elec-
trical conductivity, large surface area, remark-
able strength, and flexibility. Understanding
graphene has underpinned the discovery of
an extensive family of 2D materials, finding
application across numerous sectors.

Launched in April 2022, the Research
& Innovation Center for Graphene and 2D
Materials (RIC2D) is a major innovation hub
at Khalifa University, focused on the devel-
opment and commercialization of technol-
ogies that benefit the United Arab Emirates
and beyond.

Committed to local impact

RIC2D’s research focuses on applications
relevant to the UAE including water purifi-
cation, production of lightweight compos-
ites and material innovations in aerospace,
energy and healthcare. For example, inte-

grating graphene into the water-membrane
technologies used in water treatment can
reduce the energy consumption and cost of
the desalination process. This is a significant
step that would help the UAE, which grap-
ples with increasing water scarcity.

Similar benefits could help the construc-
tion sector, which is booming in the Gulf
region. Cement production generates sub-
stantial emissions of carbon dioxide, a po-
tent greenhouse gas. Introducing graphene
into the concrete mix, however, could re-
duce the quantity of cement required, lead-
ing to a lower carbon footprint. Graphene
and other 2D materials can also be blended
with copper to enhance the electrical con-
ductivity of wires and incorporated into oth-
er components to reduce their weight.

Senior Director at RIC2D Professor Has-
san Arafat is keen to emphasize the impor-
tance of conducting this work locally. “We
needed to establish this research center
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here in Abu Dhabi, rather than just
relying on scientific results from
abroad,” he explains. “Take the con-
struction industry: the climatic condi-
tions and needs in Europe are very
different from those in the UAE, so it
is important to perform this research
considering the local context.

“In addition, we will identify prom-
ising startups across all universities
in the UAE and provide them with
space, funding and equipment.”

Supporting international
collaboration

In addition to its local work, RIC2D is
committed to fostering collaborations
to strengthen links with international
partners. Student and staff exchang-
es, joint research projects and com-
mercialization efforts are already
underway between RIC2D and the
University of Manchester’s Graphene
Engineering Innovation Centre (GEIC)
in the UK. Looking ahead, RIC2D
aims to expand its network across
Europe, Asia and the United States.

A catalyst for these collaborations
is the RIC2D Research and Innova-
tion Fund, which has received collab-
orative research proposals from uni-
versities and companies around the
world working in tandem with Khalifa
University professors. “As soon as the
results of this fund are announced,
RIC2D will enter a new and exciting
phase,” says Arafat.

To nurture international collabora-
tions, RIC2D hosted the first UAE-EU
symposium on 2D materials: tech-
nologies and industrial potential in
May 2023. The event was organized
jointly by RIC2D and the Graphene
Flagship, an established European
consortium of hundreds of academic
and industrial research groups, work-
ing on fundamental and applied re-
search into 2D materials. The sympo-
sium was chaired by RIC2D’s Arafat
and the Graphene Flagship Head of
Innovation Kari Hjelt.

The two-day event gave more than
140 attendees, from academia and
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“We needed to
establish this
research center
here in Abu
Dhabi, rather
than just relying
on scientific
results from
abroad.”

industry in Europe and the UAE, the
opportunity to share scientific results
and explore topics of common inter-
est. Nine industrial delegates from the
Graphene Flagship presented pro-
jects to members of the UAE’s gov-
ernment and private sectors at Hub71,
Abu Dhabi’s global tech ecosystem

dedicated to fostering the growth of
tech founders and startups. The event
was also attended by the Mubadala
Investment Company, a major sover-
eign wealth fund in the UAE.

The bond between the Graphene
Flagship and RIC2D was strength-
ened at a second joint event during
September’s Graphene Week 2023
in Gothenburg, Sweden; the flag-
ships’ annual event. Attendees were
encouraged to delve deeper into dis-
cussions on environmental and soci-
etal challenges that can be tackled
with 2D materials.

“I believe that technologies based
on 2D materials are poised to make
a real impact on our lives. In 2023,
every single country in the world has
seen the impact of climatic disasters
in various manifestations. Knowing
that graphene has the potential to
reduce the consumption of materials
and energy brings a satisfying feeling
that we are contributing to a very big
cause,” enthuses Arafat.
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Delving into nanomaterials

Exploring the mantra “smaller is stronger,”
Rashid K. Abu Al-Rub has delved into the
study of nanomaterials since gaining his
PhD. As Professor of Mechanical Engineer-
ing and the Director of the Advanced Digital
& Additive Manufacturing Center (ADAM) at
Khalifa University, Abu Al-Rub’s focus lies
in combining 2D materials and 3D printing,
with the aim of enhancing the aerospace,
defense and automotive sectors.

What inspires you?

| have always been captivated by the realm
of nanotechnology. At the nanoscale, ma-
terials exhibit properties that are absent or
limited at the macroscale and emerge at the
nanoscale. For example, several nanomateri-
als exhibit significantly greater strength com-
pared to their bulkier counterparts. The clas-

RIC2D symposium speaker Rashid K. Abu Al-Rub talks to revolutionizing
nanomaterials by combining 2D materials and 3D printing.

sical examples are graphite and graphene:
graphite, a brittle material that allows you
to write with a pencil, stands in contrast to
graphene, which consists of a single layer
of carbon atoms and is one of the strongest
materials in the world.

How would you sum up your
research interest and expertise?

My research journey began with exploring
ways to enhance the strength of concrete
and polymers by mixing them with innova-
tive nanomaterials. | began working with
carbon nanotubes during my tenure at Tex-
as A&M University and then gradually turned
to graphene. Currently, | specialize in digital
design and 3D printing, a form of additive
manufacturing where 3D objects are creat-
ed by adding material layer by layer.

SUSTAINABLE MATERIALS

.
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An illustration
of the inside
view of

a carbon
nanotube
structure.

| have also embarked on integrating graphene
and other 2D materials, such as MXenes, into
very complicated, lightweight 3D-printed objects.
The term “MXene” is derived from their structure,
where “M” represents a transition metal and “X”
is carbon and/or nitrogen. These materials show
interesting electronic and mechanical properties.

My research group achieved the first fabrica-
tion of very porous 3D-printed materials made of
graphene and MXenes. Over the past eight years,
we have become experts in producing 3D micro-ar-
chitectured materials and characterizing their me-
chanical and physical properties.

Do you envision the applications of
these materials, especially in the
aeronautics sector?

There are several possible applications for these
materials. For instance, these special materials
with graphene and MXenes can be designed to
dissipate heat generated by electronic devices,
preventing overheating. Their large surface area
and excellent electrical conductivity make them
ideal also as catalytic substrates and electrodes
for energy storage devices.

In the aerospace industry, composites enhanced
with 2D materials can add strength and special
properties, such as self-sensing and self-healing.
Imagine ‘smart materials’ that trigger an alarm when
they sense damage.

Additionally, 2D materials can revolutionize
electromagnetic shielding and absorption in de-
fense-sector aircraft. For example, their use could
prevent interception or jamming of the aircraft’s
own emissions by adversaries.

Graphene and other 2D ma-
terials also excel in thermal
conductivity and can act as ef-
ficient thermal barriers. They
dissipate heat away from the
ignition source, preventing the
rapid spread of fire. Graphene
can achieve these results with
significantly lower concentra-
tions compared to convention-
al fillers, such as carbon black.

What was the key

take away from the
symposium on 2D
materials?

As well as presenting my
group’s results, | attended
presentations from different industries that show-
cased a multitude of successful applications for
2D materials, along with the challenges faced.
| gained valuable insights and was intrigued by
companies that have achieved remarkable suc-
cess with 2D materials. As a result, I'm initiating
discussions with these companies to explore po-
tential collaborations.

What advice would you give to

aspiring PhD students with an

interest in 2D materials?

The world of 2D materials is vast and continu-
ously expanding. | would encourage aspiring
PhD students to focus on a single application
and identify the most promising 2D material for
that application.

1. Ashraf, J,, Fu, J., Liao, K., Chan, V., Abu Al-Rub,

R.K. Scalable synthesis, characterization and

testing of 3D architected gyroid graphene lattices

from additively manufactured templates. Journal

of Micromechanics and Molecular Physics, Vol. 6,

No. 3, pp. 13—24 (2021).

2. Fu, J,, Taher, S.E., Abu Al-Rub, R.K,, Zhang, T.,

Chan, V,, Liao, K. Engineering 3D-architected Gyroid
MXene scaffolds for ultrasensitive micromechanical
sensing. Advanced Engineering Materials, Vol. 24,

No. 7, 2101388, pp. 1-13, 2022.

3. Ashraf, J., Taher, S,, Lee, D.-W,, Liao, K., Abu Al-

Rub, R.K. On the computational modeling, additive
manufacturing, and testing of tube-networks TPMS-

based graphene lattices and characterizing their
multifunctional properties, APL Materials, Vol. 10,

121107, pp. 1-18, 2022.




SCIENTIFIC DEFINITIONS AND FACTS

Graphene-based sensors

are sensors that are embedded within
the fiber reinforcement of composite
structures during manufacture and
which can offer a convenient means to
monitor quality control and structural
health of vehicles such as aeroplanes,
spacecraft and ships.
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RIC2D symposium speaker Jang
Kyo Kim's work showcases
the remarkable potential of

graphene and other crafted
materials.

Fascinated by the science and endless pos-
sibilities of 2D materials, Professor Jang Kyo
Kim, a professor of mechanical engineering,
joined Khalifa University’s faculty in January
2023.

Originally from the Hong Kong University
of Science and Technology, Kim is well con-
nected with researchers in China, Hong Kong,
South Korea and other parts of Asia.

Currently, he is in the process of establish-
ing collaborations across Europe to propel
graphene research into the next phase of
innovation.
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Tell us about your

research goals.

| am interested in discovering how
graphene can be assembled to form
interesting structures or mixed with
other materials to produce compos-
ites with multifunctional characteristics.
For instance, materials that possess
strength, high conductivity and effec-
tive heat dissipation simultaneously.

What type of structures can
you create? And which tech-
niques do you use?

We create 2D and 3D structures
using various techniques. For exam-
ple, starting with graphite, the same
material as pencil lead, my team
developed a method to obtain thin
sheets of graphene oxide. We sep-
arated the larger sheets (50-300 pum
in lateral size) and assembled them
into thin 2D structures, including
conductive graphene papers and
transparent graphene films. We have
also created 3D structures, such as
graphene foams and aerogels. Aero-
gels are one of the lightest solid ma-
terial types that currently exist.

What type of applications are
there for such materials?
Graphene paper, for instance, pos-
sesses both strength and conductiv-
ity, making it suitable for use in super-
capacitors—energy-storage devices
that can be charged and discharged
faster than batteries. Transparent
graphene films low resistance, can
be employed and could be applied to
flexible touchscreens and electron-
ics. The porous structure of graphene
aerogels makes it useful for storing
ions in energy storage devices, or to
trap contaminants in environmental
filters. These are just some examples
of a possibly endless list.

What application of graphene
excites you the most?

Composites formed by combining
graphene aerogel and polymers cur-
rently represent some of the most

promising applications. For example,
my team worked on the complex chal-
lenge of developing a composite ma-
terial with multifunctional capabilities,
including excellent dielectric proper-
ties, energy density and thermal con-
ductivity. In simpler terms, our aim is to
create a material capable of efficiently
storing energy within a compact vol-
ume while effectively dissipating heat.
We achieved good results by adding
boron nitride and graphene aerogels
to a commercial polymer.

We also fabricated composites
designed for electromagnetic inter-
ference (EMI) shielding. EMI occurs
when waves carrying signals, such
as radio waves or Wi-Fi, interfere with
each other.

EMl-related issues are expected
to grow. Graphene-based 2D and
3D structures can effectively reflect,
attenuate and absorb EMI thanks to
their excellent electrical properties.

1. Lin, Xiuyi, et al. Fabrication of
highly-aligned, conductive, and strong
graphene papers using ultralarge
graphene oxide sheets. ACS nano

6.12 (2012): 10708-10719.

2. Zheng, Qingbin, et al. Transparent
conductive films consisting of ul-
tralarge graphene sheets produced

by Langmuir—Blodgett assembly. ACS
nano 5.7 (2011): 6039-6051.

3. Yousefi, Nariman, et al. Highly aligned
graphene/polymer nanocomposites
with excellent dielectric properties for
high-performance electromagnetic
interference shielding. Advanced Mate-
rials 26.31(2014): 5480-5487.

4. Guo, Fengmei, et al. Highly thermally
conductive dielectric nanocompos-

ites with synergistic alignments of
graphene and boron nitride nano-
sheets. Advanced Functional Materials
3019 (2020): 1910826.

5. Wu, Ying, et al. Ultralight graphene
foam/conductive polymer composites
for exceptional electromagnetic
interference shielding. ACS Applied
Materials & Interfaces 9.10 (2017):
9059-9069.
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Elastically bendable molecular crystals can be
used in flexible semiconductor devices without
significant loss in electron mobility.

Custom-developed computer code
that accurately calculates the me-
chanical properties of molecular
crystals is revolutionizing materials
discovery and providing deeper sci-
entific insights into the complex be-
havior of molecular crystals.

MechaPredict, a Python code de-
veloped by Sharmarke Mohamed’s
group in the Green Chemistry and
Materials Modelling Laboratory at
Khalifa University of Science and
Technology, is at the heart of this
groundbreaking work. The code
relies on elastic constants generat-
ed using density functional theory,
a quantum mechanical method for
modelling solid-state materials.

“The code takes as input a crys-
tallographic information file and the
elastic constants for the crystal, as
well as a user-specified set of Miller
indices for crystal surfaces of inter-

est. It then computes the facet-de-
pendent mechanical properties of
the crystal within seconds,” explains
Mohamed. “The estimates of the
mechanical properties from Mecha-
Predict are in excellent agreement
with experimental nanoindentation
measurements for crystals that com-
prise strong cohesive intermolecular
forces, such as amino acids.”

Unlike crystals derived from met-
als and ceramics, where the com-
position is less variable, molecular
crystals are composed of covalently
bonded chemical fragments that can
be reconfigured in an endless num-
ber of ways via bond-breaking and
bond-formation events. This brings
numerous opportunities for custom-
izing the crystal’s behavior.

“Small changes in the chemical
structure of these fragments can have
significant effects on the properties

\
\
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\

4

of the crystal. This in turn offers more
scope for discovering new molecular
crystals for various technological ap-
plications,” says Mohamed.

Globally, there is now intense activ-
ity around the investigation of molec-
ular crystals, with researchers keen
to identify new useful examples and
better understand their behavior. In a
recent Chemical Science paper' Mo-
hamed and colleagues showed that
elastically bendable molecular crystals
can be used in flexible semiconduc-
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tor devices without significant loss in
electron mobility.

“Our code allows high-throughput
screening of the mechanical proper-
ties of crystals without doing a number
of serial and time-consuming nanoin-
dentation experiments,” Mohamed
says. “The code also allows us to
gain a deeper understanding of how
molecular crystals deform under ap-
plied stress. By doing careful density
functional theory simulations of the
facet-dependent changes in the stress

response of crystals, we are now in a
better position to understand, for ex-
ample, why some crystals crack under
stress while others can withstand sig-
nificant stresses before they fracture.”

MechaPredict is compatible with
both Windows and Linux operating
systems. Its user-friendly graphical
interface makes it accessible and val-
uable to both theoreticians and ex-
perimentalists. Looking to the future,
Mohamed’s team is exploring the idea
of integrating MechaPredict within a

machine-learning workflow to predict
not just the mechanical properties of
molecular crystals but also the possi-
ble experimental conditions for target-
ing their discovery in the laboratory.

1. Samanta, R., Das, S., Mondal, S.,
Alkhidir, T, Mohamed, S., Senanayak,
S.P. & Reddy, C.M,, Elastic organic
semiconducting single crystals for du-
rable all-flexible field-effect transistors:
insights into the bending mechanism.
Chemical Science 14, 6 (2023).
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Smart sensors will be game changers in aerospace and automotive
and marine applications, where they could soon be embedded in
structures to detect manufacturing defects.

Graphene-based sensors embedded
within the fiber reinforcement of com-
posite structures during manufacture
could offer a convenient means to
monitor quality control and structural
health of aeroplanes, spacecraft and
ships. These sensors have the poten-
tial to not only warn of manufacturing
defects but also to identify hard-to-
see damage from impacts and exces-
sive stress during operation.

Rehan Umer and coworkers from
the Department of Aerospace Engi-
neering at Khalifa University describe
the role that sensors made from re-
duced graphene oxide (rGO) could
play in Industry 4.0, as the fourth
industrial revolution is known, espe-
cially for aerospace, automotive and
marine applications.

Industry 4.0 refers to the latest
trend in manufacturing, where infor-
mation technology—especially smart
sensors, the internet of things, and ar-
tificial intelligence—introduces useful

62 | KU EXPLORER

data and added value into production
processes and operation.

“The main role of graphene in the
Industry 4.0 factory is as a sensory
element, while being an integral part
of the raw material,” explains Umer.
“Graphene and other 2D materials
can act as the required interface and
allow the material to directly commu-
nicate with the digital world by pro-
ducing an enormous amount of data
during the product’s manufacturing
and its service life,” he adds.

Reduced graphene oxide is well
suited to the role due to its piezore-
sistive response, meaning that any
change in stress or strain results
in @ change in electrical resistivity,
which can easily be measured. It is
also lightweight, mechanically robust,
noninvasive and compatible with pol-
ymer composites, Umer says.

“These sensors can be embedded
within a skin of an aircraft to sense its
overall health, at the same time they

“Sensors can be
embedded in an
aircraft’s skin to
sense its overall
health and can
monitor impact
damage barely
visible to the
naked eye.”

can also monitor impact damage that
is barely visible to the naked eye,” ex-
plains Umer. “Given the piezoresistive
nature of rGO, several polymer-com-
posite manufacturing parameters can
be monitored such as compaction
forces, resin or polymer flow and
shrinkage strain during manufacture.”



The research team is now inves-
tigating the best way to incorporate
rGO into the composite. Options
include integrating it into the resin
matrix, weaving it into the structure
or coating the final composite, says
Umer who notes that an additional
challenge is calibrating the sensor
after it has been embedded.

The Khalifa team says that it has
already demonstrated the use of
post-manufacture structural monitor-
ing devices such as pressure-sensitive
films and strain-measuring gauges.
Patents for in-mold pressure meas-
uring sensors have been applied for
in the United States, with further de-
velopment ongoing. “A large-scale
production system is essential for the
commercialization of rGO as a viable
digital material,” concludes Umer.
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Did you know?

Industry 4.0 refers
to the latest trend in
manufacturing where

information technology
introduces useful data
and added value into
production processes
and operation.

Ali M.A,, Irfan, M.S,, Khan, T.,
Graphene plays

a sensory role - =0 1 ._. Khalid, M.Y. & Umer, R. Graphene
in Industry 4.0 ] -
and is an integral 1
part of the raw T , . digital materials in industry 4.0.

mater=y Scientific Reports 13 4945 (2023).

nanoparticles as data generating
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OVERCOMING
CANCER’S RESISTANCE
TO TREATMENT

Mohamed Rahmani, Professor, Department of Molecular
Biology & Genetics at Khalifa University.

An international scientist, Mohamed
Rahmani studied in France and
worked for a long period in the Unit-
ed States at the Virginia Common-
wealth University’s Massey Cancer
Centre. He joined Khalifa University in
2021 from the University of Sharjah.
He is a professor in the Department
of Molecular Biology and Genetics.

What are your current

research goals?

It is estimated that 90% of chemo-
therapy failures are attributed to
drug resistance. Cancer cells can
develop resistance to one or more
drugs through various mechanisms,
including DNA mutations, loss of a
drug’s ability to inhibit its target, or
the activation of survival pathways
in cancer cells. My primary research
goals are to identify vulnerabilities
in tumor cells and contribute to the
development of novel, effective
strategies to overcome cancer’s re-
sistance to treatment.

How did you become interested
in cancer research?

As a graduate student in the 1990s,
| was fortunate to work with a team
of researchers focusing primarily on
cancer. | was captivated by the dys-
regulation of gene expression in can-
cer cells, and their capacity to sustain
uncontrolled growth. This fascination
was profoundly shaped by my per-
sonal experience witnessing a close
family member battling cancer. It in-
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stilled in me a deep sense of commit-
ment to advancing research and de-
veloping more effective treatments to
improve the health of cancer patients.

What are your main

findings so far?

We investigated a type of Acute My-
eloid Leukemia caused by mutations
in a protein known as FLT3, which
plays a crucial role in the growth and
development of blood cells. When
this mutated protein is hyperactive,
it triggers uncontrolled growth and
proliferation of immature blood cells
in the bone marrow, leading to the
disease. We have uncovered a novel
combination therapy that has shown
a remarkable potential in curing leu-
kemic mice and overcoming drug re-
sistance to the therapies in use today.

Are there any biomedical
technologies that hold

particular promise for

advancing your research?

One of the most important advanc-
es in biomedical research in the last
decade has been the discovery of
CRISPR-Cas9 gene editing technol-
ogy. This versatile tool has many
applications in biomedical research,
for example, it allowed us to identify
genes responsible for drug resistance
through genome-wide screens with
CRISPR-Cas9. Another cutting-edge
technology is single-cell sequencing,
which tells us about changes occur-
ring within individual tumor cells. This

technology holds immense promise
for characterizing tumor heterogene-
ity, identifying potential targets, and
informing therapeutic interventions.

What advice do you have for
aspiring PhD students interested
in pursuing a career in your field?
A PhD in biomedical sciences is
an exciting journey filled with chal-
lenges and opportunities. It opens
the door to a new world where you
can actively engage with a scientif-
ic community dedicated to shaping
our future healthcare. Success in this
adventure hinges on collaboration
with researchers within and outside
your own field, diversification of skill
sets, and persistence in the face of
difficulties.

What do you find most
rewarding about working at
Khalifa University?

| joined Khalifa University a little over
two years ago and find immense sat-
isfaction in working for a university
that is having such a global impact
in various fields including health
sciences. | am particularly impressed
by our institution’s unwavering com-
mitment to excellence in research,
teaching and service, as well as the
resources it allocates. This establish-
es a strong platform that allows me
to address complex scientific ques-
tions, while encouraging continuous
improvement and the pursuit of high
academic standards.
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