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SPECIALIZATIONS IN NUMBERS

297 45% 134

Talented university students
from 16 nationalities in 16
different training locations.

total female student different projects
percentage students worked on.

71 25

Artificial Intelligence Bioinformatics

15 23

Cybersecurity Energy Transition

DIFFERENT PROJECT MENTORS

DIFFERENT LOCAL AND INTERNATIONAL
UNIVERSITIES STUDENTS
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ABOUT US

The KAUST Academy specializations program represents a strategic response to Saudi Arabia’s
Vision 2030 objectives, specifically addressing the critical need to develop local talent in
emerging technologies that will drive the Kingdom's economic diversification. By offering
comprehensive training in artificial intelligence, bioinformatics, cybersecurity, and energy
transition, the program directly targets the four key pillars of Vision 2030's research and
development priorities: sustainable environment and essential needs, energy and industrial
leadership, health and wellness, and economies of the future. This initiative recognizes that Saudi
Arabia’s transformation from an oil-dependent economy to a knowledge-based one requires a
skilled workforce capable of competing in high-tech industries and research sectors.

The program’'s multi-stage structure creates a *”»'
natural bridge between undergraduate education in :
Saudi universities and advanced professional
competency in cutting-edge fields. Rather than
leaving recent graduates to navigate this transition
independently, KAUST Academy provides a
systematic pathway that begins with foundational
online coursework through Coursera, progresses
through intensive in-person training at universities
across the Kingdom, and culminates in international
summer programs at prestigious institutions like
Oxford, Cambridge, Duke, and University of Toronto.
This scaffolded approach ensures that students from KAUST Academy } '
diverse academic backgrounds can build upon their Specializations Program
undergraduate foundation while gaining practical, '
industry-relevant skills, with the program having
successfully trained over 16,000 students across
multiple specializations.

This booklet serves as a comprehensive showcase of
the remarkable achievements and outcomes that
KAUST Academy's 297 graduating students in 2025
have accomplished through their international
summer programs at world-renowned universities.
These graduates represent more than mere
statistics—they demonstrate the tangible impact of
Saudi students engaging with cutting-edge research
and advanced methodologies at institutions across
the globe. Their success validates the program's
effectiveness in not only bridging the gap between
traditional university education and specialized
knowledge required for Saudi Arabia’'s emerging
technology sectors, but also in positioning Saudi
graduates as competitive contributors to
international research and innovation networks.
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Sultan Albarakati

King Abdullah University of
Science and Technology
Doctor of Philosophy in Electrical

Engineering

Associate Vice President,
Saudi Talent Development

Naeemullah Khan

King Abdullah University of
Science and Technology

Doctor of Philosophy in Electrical
Engineering

Instruct. Assoc. Professor, Deputy
Director KAUST Academy

Oroba Al Nasr

Human Research

Promotions & Outreach
Specialist

Abdulaziz
Altelmissani

King Abdulaziz University

Medical Laboratory Sciences

Program Coordinator

Ahmed Alhawsawi

Western Kentucky University

Communication Studies and
Business Administration

Program Coordinator

A

Ali Habibullah

Computer Science

Research Engineer

Abdulrahim Alghamdi

Human Research

Master of Commerce, Logistics, Materials, and
Supply Chain Management

Asim Abdulfattah

Aeronautical Science, Flight

Program Administrator
Pre-University programs

Doa'a Aburayya

Computer Science

Research Enginner - Al

Emad Surour

Taibah University

Computer Science
information systems

Academy Programs
Administrator

Farhanaz Beg

National University of Singapore

Computer Science and Engineering

Admissions Lead

Fatma Karabulut
liter

Istanbul KU niversity

MBA

Program Administrator
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Mahmoud Ellouh Majed Alghamdi Mariam Mohamed Nazar
King Fahd University of quhmour O- AIAI'

Computer Engineering & Cybersecurity _— Chemistry/Molecular Synthesis Business and Finance MSc.
Digital Channels Specialist -

Program Administrator,

Research Enginner - Cybersecurity Pre-University programs

Academy Programs Manager

Saad Alhusainan Salman Alomari Tarek Shehata Venu Kas
Sultan Qaboos University, University of Indianapolis North Dakota State University
Sultanate of Oman

MBA Mathematics Doctor of Philosophy in
Mass and Communication Biochemistry

Program Coordinator Manager, Pre-University .
Development Programs Programs Accld_erplc Development
Specialist Specialist

Yazan Alshuaibi Yubin Huang
King Abdulaziz University Tianjin University
Computer Science Material Physics and Chemistry

Research Enginner - Al Program Administrator
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ENERGY TRANSITION PROGRAM
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Maram Abdullah
Alghamdi

ing Abdulaziz University

Energy Transation Summer Internship,
imperial, London, England

Munira Alruwaili

imam Abdulrahman bin
Faisal University

Energy Transation Summer Internship,
KAUST, Thuwal KSA

&

SHAHAD AL GAMDI

Al-Baha University

Energy Transation Summer Internship,
KAUST, Thuwal KSA

Ghadi Ibrahim Aljuaid

Energy Transation Summer Internship,
KAUST, Thuwal KSA

4

Khawla Khalid Alqurashi

Umm Al-Qura Univer:

Energy Transation Summer Internship,
KAUST, Thuwal KSA

Reem Sultan Albalawi

Fahad bin Sultan University

Energy Transation Summer Internship,
KAUST, Thuwal KSA

Shahad Alasbali

ing Khalid University

Energy Transation Summer Internship,
KAUST, Thuwal KSA

3

Aml Hussain Abdullah
Al Nasir

ng Fahd University of
Petroleum and Minerals

Energy Transation Summer Internship,
KAUST, Thuwal KSA

A

Rawan Saeed Al Dosari

Prince Sattam bi

Energy Transation Summer Internship,
imperial, London, England

a

Zahra Sami Q. Malaekah

Energy Transation Summer Internship,
KAUST, Thuwal KSA

&

Joudi Musaid Alahmadi

King Abdulaziz University

Energy Transation Summer
Internship, University of Cambridge,
Cambridge, England

&

Alzahra Abbas Al Ensaif

imam Abdulrahman bin
Faisal University

Energy Transation Summer Internship,
University of Oxford, Oxford, England

&

Roba Faisal Alnushayri

King Abdulaziz University

Energy Transation Summer Internship,
KAUST, Thuwal KSA

)

Muruj Zakaria Kassem

Umm Al-Qura University

Energy Transation Summer Internship,
KAUST, Thuwal KSA

J §

Lojain Khalil Aseeri

Imam Abdulrahman bi
Faisal University

Energy Transation Summer Internship,
uct, London, England

R
Muzon Mahmoud
Almahmoud

Imam Abdulrahman bin
Faisal University

Energy Transation Summer Internship,
Imperial, London, England

.

Najwan Nazih Garbi

University of Jeddah

Energy Transation Summer Internship,
KAUST, Thuwal KSA

&

Khadijah Alshaqiqi

Imam Abdulrahman bi
Faisal University

Energy Transation Summer Internship,
KAUST, Thuwal KSA

Mzoun Muteib Almutairi

Imam Abdulrahman bin
Faisal University

Energy Transation Summer Internship
Imperial, London, England

X

Layan Abdullah Alharbi

King Fahd University of
Petroleum and Minerals

Energy Transation Summer Internship,
KAUST, Thuwal KSA

A

Shahad Abdulrahman
Alrifai

University of Jeddah

Energy Transation Summer Internship,
imperial, London, England

&

Maysoon Abu onq

Taibah University

Energy Transation Summer
Internship, KAUST, Thuwal KSA

A

Hissah Khalid Albureik

King Saud University

Energy Transation Summer Internship,
KAUST, Thuwal KSA

&

Alzahra Abbas Al Ensaif

Imam Abdulrahman bi
Faisal University

Energy Transation Summer Internship,
University of Oxford, Oxford, England

Waad Wahab Aldobisi

King Abdulaziz Unive

Energy Transation Summer Internship,
uct, London, England

i

Afnan Saleh Alsulami

King Abdulaziz University

Energy Transation Summer Internship,
KAUST, Thuwal KSA

Py

Zainab Hussain
Alhaddaf

King Faisal University

Energy Transation Summer Internship,
imperial, London, England

dx

Raghd Abdullah Saleh
Hantoush

Imam Abdulrahman bi
Faisal University

Energy Transation Summer
Internship, KAUST, Thuwal KSA

Ghadeer Menwer Aljohani

Taibah University

Energy Transation Summer Internship,
KAUST, Thuwal KSA

3

Nisrin Mohammad
Balhareth

Imam Abdulrahman bin
Faisal Univel

Energy Transation Summer
Internship, Imperial, London, England

3

Shouq Abdulrhman
Fairaq

University of Jeddah

Energy Transation Summer Internship,
imperial, London, England

Washeel omarhashim

University of Jedda

Energy Transation Summer Internship,
KAUST, Thuwal KSA
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OPTIMIZING BIOI THICK FILMS FOR X-RAY
DETECTION APPLICATIONS.

This project focuses on optimizing BiOl thick films for X-ray detection applications. BiOl
is a promising material due to its high atomic number and suitable electronic proper-
ties. The films are fabricated under varying conditions to enhance their structural and
functional performance. Characterization techniques include X-ray Diffraction for
crystallinity, a profilometer for thickness and surface profile analysis, and other meth-
ods to assess morphology, optical properties, and electrical response under X-ray
exposure.

PROJECT MENTOR: Robert Hoye

PROJECT MEMBERS: Alzahra Abbas Al Ensaif
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CO, ELECTROREDUCTION TO
FORMIC ACID.

Electrocatalyst prepared via a new method for CO, conversion to formic acid.

General topic: electrochemical conversion of CO, to formic acid.

PROJECT MENTOR: Maya abualgumboz

PROJECT MEMBERS: Aml Hussain Abdullah Al Nasir

Single-Step Electrodeposition and Electroreduction of Bimetallic
Bi-Cu Electrocatalyst for CO2 Reduction to Formic Acid
Aml Al Nasir, Maya Abu Algumboz , and Professor Kuo-Wei Huang
KAUST Catalysis Centre - King Abduallah University of Sci

CREST?%

Center for Renewable Energy
and Storage Technologies
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single step electrodeposition and

CuBi catalyst, |

| demonstrated enhanced efficiency and cost-

method

Electrolyzer scale-up and high
yield pure formic acid production

improved the catalytic performance, resulting |
in higher formic acid yield, high PCD of |
high stability, making it a|
| promising approach for eCO; conversion.
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I would like to thank the Women and Emrgyl
Association and KAUST Academy for providing thisl
valuable research opportunity. My sincere grali‘lude|
goes to Professor Kuo-Wei Huang for welcoming|
| us to work in his lab. Special thanks to Mentorl
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1] KWi-Huang et l,, ACS Energy Lett. 2117, 2,1, 165-195 |
2] KW-Huang et a, ACS Energy Lett., 2023, §, 12, 43904334 |

139



KAUST ACADEMY (2025

ENERGY TRANSITION PROGRAM

MATERIALS FOR ADVANCED COOLING

TECHNOLOGIES

Passive Radiative Cooling for Thermal Management of ones in Harsh Environments

PROJECT MENTOR: Murali Gedda & Kai xu

PROJECT MEMBERS: Ghadi lbrahim Aljuaid

PASSIVE RADIATIVE COOLING FOR THERMAL !
ENVIRONME
BY:

Y
alllauc Fllalf mh(@@,

OF DRONES IN HARSH iy polall g

King Ahdullah University nf
Sefence and Technolngy

PROF. OIAOQIANG GAN, DR. MURALI GEDDA. DR. KAI XU. GHADI L. ALJUAID (D

3. RESULTS AND DISCUSSION
ABSTRACT
o < 2 e = Radiative coating is the MOST EFFECTIVE
This,'.f gasa + Radiati led ~5.8% vs ted, and

drone i was ~39% hotter vs radiative
pplied to drone materials were tested

in laboratory and outdoor settings, showing a clear
duction in surface p . These results
the p ial of radiati ings to ent
drone efficiency and lifespan through energy-efficient
cooling.

1. INTRODUCTION

Drones are i ingly used ys, and p
diati ling offers a i lution by ’
dissipating heat without additional energy input. This Fig 1. surface temperature over 5 minutes
project tests radiative coatings on drones to lower

surface temperature and boost performance. . Radiative coating cooled ~1% vs no coating,

and ~5.5% vs commercial

2. METHODOLOGY AND APPROACH

At CREST, a radiative POMS ple was prepared based on
published research. Lab Y included
FTIR for reflectance and emittance and UV-Vis (Lambda
950) for spectral lysis. Outdoor testing was adapted by

suspending drones under direct light to collect

temperature data despite flight limitations.

Fig 2. Interior temperature over 5 minutes

AND DISCUSSION

radiative coating showed
higher reflectance and
absorbed less heat than
commercial coatings,
maintaining lower surface
and interior temperatures

td and d ating
strong potential for passive
cooling and thermal
management.

5. CONCLUSION

Radiati ing is an ging technology that has
proved its effecti % ling obj by reflecting heat,
reducing CO, emissions over time, and offering versatile

across el ics, energy sy s b gs,

and transportation.

6, ACKNOWLEDGMENT
I sincerely thank my supervisor, Dr. Kai Xu, for his guidance and
collaboration. Special thanks to the CREST lab team for providing
access to the FTIR and UV-Vis spectrometers and supporting the
experimental work.
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INTERFACE ENGINEERING OF WIDE-BANDGAP
PEROVSKITE SOLAR CELLS

Wide-bandgap (WBG) perovskite solar cells (PSCs), essential sub-cells in tandem solar
cells (TSCs), play a key role in determining overall device performance. Achieving the
desired bandgap typically involves incorporating bromide alongside iodide, enabling
WBG PSCs to exhibit high efficiency and stability. Nevertheless, their performance is
often limited by surface defects caused by incomplete material coordination. These
defects hinder carrier transport, reduce the open-circuit voltage (Voc), promote
non-radiative recombination, and induce phase segregation, compromising device

stability.

This study aims to enhance the stability and quality of FA,.;5Cso.2sPb(lo.sBro.s5)s perovskite
surfaces using PDABr (propane-1,3-diammonium bromide) as a passivation layer. This
approach is intended to mitigate surface defects, promote uniform crystallization, and
improve both the stability and performance of the resulting solar cell devices.

PROJECT MENTOR: Mutalifu abulikemu - Hongwei Zhu

PROJECT MEMBERS: Hissah Khalid Albureik

Interface Engineering of Wide Bandgap

Perovskite Solar Cells|KAUST Solar Center

Conducted by Hissah K. Al

Introduction

All-perovskite tandem solar cells have emerged as
promising  candidates for  next-generation
phetovoliaies due to their high photon wilization and
efficiency potential. As a crucinl component in
tandem cells, the overall device performance strongly
depends on the performance of wide-bandgap
[(WBG)  perovskite  sub-cells. Although  WRG
perovskites have demonstrafed remarkable efficiency
and stability, several challenges remain, primarily
arising from the large mimber of surfice defects, At
this point, interfacial degradation of wide-bandgap
peravskite cells is o prevalent issue, which leads fo a
in the perfe af allp
tandem solar cells.

Study objectives ———

Tritroducing PIXABr as & passivation layer between

the perovskite and the electron transport laver to:

¢ Reduce surface  defects  of  wide-bandgap
perovskites 1o facilitate electron extraction at the
interface, and enhance the performance of WBG
PSCs.

* Unilize the amine groups and bromine stoms in
PORABT to interact with surface defects of perovskites,
thereby reducing defect density.

= Regulate the surface morphology and surfoce
petential of perovakites 1o promote electron transport.

HH
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Supervised by Dr,

Methodology

FhnreCsnasPhilnBrash (FOPIR) and FOPIR/PDARr devices
were fabricated via antisolvent spin-coating method, which
ensures highly crystollized perovskite film. This stody
evilumtes the effect of deposition mode (Img'mL dmomic-
Img'ml static) aml concentration (0.25mg/mL-0 3mg/ml -
Tmg/ml_} on the performance of the sbricated PSCs,
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tfu Abulikemu - Dr. Hongwei Zhu - Kholood Bokhari

Results & Discussion

The photovalsaic performance presented in Talike 1

summarizes the results of the champion cells of the

fabricated devices in comparson with the  pristine
peravskite, revealing the following:

» Applying PDABRr enbanced the efficiency by ap to 4%.

o Buoth the dynamically Gabricated devices (DFD) and
statically fabncated devices (SFD) showed noticenble
improvement with a PCE of 16.67% and 16.%%.
respectively. However, when compared with the pverall
cdutnset, the DFD appears (o he more reproducible.

* Higher concettrations of POABr kzad to higher PCE

« POABE improved the value of the open circuil veliage
iV

Tabis L. Th charmpn PSCs ) b the

The AFM topography peesented in Figure 4 (a-b) revieals a
redisction in surfece roughness from 1642 nm e 1230 nm
aleng with o decrense in the intensity of dark regions,

Regarding the KPFM results in Figore 4 (e-d). the surface
potentind after pussivation appesrs more uniform, which b a
result of a more homogenous surface o5 Figore 5 (h)
presents. Alse, SKPFM presemted in Figure Sa) showed
higher surface potentinl from 005V 1w 016V, which
indicates the Facilitation of electron trnsport to ETL,

"‘-.

= women _ AR

= Zenergy peineesd A
Results & Discussion
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a)

Building upon ilwe peevious results. PL messuremments presented
in Figure & ensure curing the defects an the surfsce of FCPIR
by showing o significant increase in the intenzity.

Conclusion
In beief, the mechonism of defeet curing. driven by the synergistic
scfion of =mmonium groups and  bromide jens  through
electiostatic  ideraction  cn the  perovskite  sarface, was
demonstrated in this sty Successfully, FAa=CanPhilasBrash
PSCs passivated with PDABr were fabricated via antisolvent spin-
coating with varymg deposation modes and coneontrations.
The key highlights of this study are as follows:
= Applying PIABr enhanced the PCE by up o 4%, with DFD-
Ingmb devices showing kgher nepreducibility.
= PDABr passivation mproved surface propentics by a decrease
in sirface raughness and inerease in surface patential, which
was confimed by AFM and KPFM.
¢ PDABr showed an effective defect curing. which was noticed
as u strang emissian intensity in PL measurements,
These resulls frdbcate betler charge trnsfer and supprossion the

[ passive non-rad )
(=%
'

Additionsl information and references cam be
aceesed by seanning the QR code

N |
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EXPLORES TIN/LEAD PEROVSKITE USING
ADVANCED OPTICAL SPECTROSCOPY TO
UNDERSTAND AND IMPROVE THEIR
PERFORMANCE AND STABILITY

| investigate stability and self-doping in tin/lead perovskites by studying photolumi-
nescence (PL), PL quantum yield (PLQY), and carrier lifetimes to understand how dop-
ants and processing treatments impact defects and device performance.

PROJECT MENTOR: Sam Stranks

PROJECT MEMBERS: Joudi Musaid Alahmadi

Spectroscopic Quantification of Photoph
Constants in Sn-Pb Perov

¢ Cungls duogals
KAUST ACADEMY

W Motivation
Microseale heterogeneities such as defects and dopants define semiconductors, Tin-lead perovskites are promising narrow-bandgap absorbers for
all-p Kite tandem photovoltaics, but they suffer from self-doping, which leads to additional radiative and nonradiative recombination lnsses
I1]. As such we need to quantify first order photophysical constanis such as the dopant density (pg), nonradiative (o) and radiative (8) rate
constants. However, existing electrical methods such as Hall effect measurements are limited in that they average over large areas and have
limited sensitivity (p, = 10'* em~). Here, we extract key constants (p,, , &) with sitivity using ph i (PL) spectroscopy.
which can be coupled to a microscope for spatial mapping with sub-micron fution. The StranksLab will use this tool fo optimize tin-lead

peravskites and other doped semiconductors for applications in optoelectronics.
| | PLOY vs Power Density

B Workflow | |

. TRPLa/fa 4% e T vs Power
g A
N o N
= f 4
£
s \ g
2 &
3 & o
& _ ™
= g = Initial photogenerated
i carrier densiny | | : o i
. B, wioprani donsity e : . Ist order regime —— PLOQY \
S T R T % ! - e w
Fig. ne fem- 1) Pawer (W) Fig.3 Power Density (mWicm?)
PL{t) o< b (pona + ne) .
L] (o ] ar in P
L M -~ = an + bpgn
S0 Mt Ny =T dt i
my PLOY PLOY 1 e
TRPLs corresponds to the initial PL Pe= 3 b= a=—=bp, {3 PLOY:= -~
: ; 3 Tavg Taug Po Tag asbpy
intensity (at =0} from TRPL decays, ;i
B RESULTS B Experimental Setup B Conclusions and Future Work

Workflow enables consistent extraction of
Pos ity andd & from PLOY+TRPL.

Higher p, 5 larger a, confirming self-
doping drives non-radiative
recombination,

Our passivated film showed the lowest p,
among samples and literature,

- EDIA,; passivation lowers doping but not
all recombination channels,

. Carrier Deraity n fem™)
Fig.

Apply this PLOY+TRPL workflow 1o

Low py = sharp trap-filling behavior ¥ - %
microscale PL mapping to extract spatial

High p, < dopant-assisted recombination maps of py. 8 and b,
Very High p, = Auger recambination Pty g e
dominates
& V5 Po ~ [ | Acknowledgements
NT-N 3 2 Optical (PLOY) 1 thank Prof. Samuel Stranks for his supervision, Dr
1 7.20£+15 T Hall Effect Robert Westhrook  for  his  co-supervision  and
15 LO0FHE]  — Camotmnoeveitage suidunee, sl Uhe Stranks group af the University of
[C] E00E14 Twrer poit probe Cambridge for hosting this project. This worl was
sampe [WT-HR} ANSE=14 Optical (PLOY-TRPL the KAUST  Academy  Encrgy
Samela [THPI | 580+ el (PLOY-TRPL] Program, Women &  Energy, and
Samele [T-NF| 257E+
Samgle [1-F) 52E10] 1APE05 Optical (PLOV-TRFL
1y 1k Exteacted pw values eompared with literature

Fig. 5 po fem™)

Hypothesis: EDAL passivates the shallow traps but does not affect deep traps.
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E-FUEL

Development of an efficient electrocatalyst for CO2 reduction into formic acid

PROJECT MENTOR: Maya Abu Algumboz

PROJECT MEMBERS: Khadijah Alshaqiqi

Exploring BiPO4+-wwCNT Electrocatalyst for CO2

Reduction to Formic Acid
Khadijah Alshagigi ,Maya Abualqumboz, and Prof.Kuo-Wei Haung
KAUST Catalysis Centre -King Abduallah University of Science and Technology (KAUST)

Introduction Characterization

o Problem Statement

) pe——
@ &=
o Background
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|
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(PR W RATER

o Project Objective
€0 HCOOH

o Ae e i 757
eCO2RR Testing

Results

-SEM: The SEM results showed that the
BiPO4 was distril i on the surf; of the
carbon nanotubes, which offers more active
sites.

-%F0D: The incorporation of BiPO4 with carbon

was supp y by

XRD.

-%PS: XPS showed shifting toward higher
Binding energy , confirming the charge
redistribution.

=BiFewCNT:Achieved~100% FE formate, PCD
of 100 mAfem? ,and maintained stable activity
for over 35 hours with high formate
selectivity.

Future Goals

The incorporation of wwCNT with BiP

Farmne Arsduston Rats jrevn|
N EEEE N AR

- SR ekl . i
ErErErE T ey v \ s BT T T T T
[ Pt ¥ AL

h AR IS - e Partial Current Density N Stability at -0.9V vs.RHE

140°C

HiEg | = B
P, | x
6

o Measurements & Analysis

H-Cell and
biologic VMP3

waorkstation

p d the electrocatalyst selectivity ,
prolong the stability, and increased the
harg fer, king this app h
for elect talyst design for

eCOzRR. e
Future goal: Upscaling  pure '
| &

formic acid production with
advanced cell design.
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MAPPING SURFACE DYNAMICS IN
SOLAR CELL MATERIALS USING
ULTRAFAST SEM

Aligned with Saudi Arabia’s Vision 2030, renewable energy has become a national
priority, placing solar technologies at the forefront. Enhancing solar cell efficiency
requires a fundamental understanding of how free carriers, electrons and holes,
behave at the surface where most light absorption occurs. Our research utilizes a
one of a kind Ultrafast Scanning Electron Microscopy (USEM) to probe charge
carrier dynamics at high spatial and temporal resolutions. By comparing GaAs
and CdTe, two leading photovoltaic materials, we aim to uncover critical surface
level processes that influence device performance. This research aims to provide
insights that could enhance the performance and efficiency of solar cells based

on these materials.
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Mapping surface dynamics in solar cell materials using
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ABSTRACT

This study employs ultrafast scanning electron
microscopy (USEM) to investigate carrier dynamics in
two important photovoltaic materials, GaAs and CdTe.
Comparing their electronic responses provides valuable
insight into factors influencing their performance in solar
energy applications.

INTRODUCTION

Solar cells convert sunlight into eleclricity using
semiconductor absorbers, GaAs and CdTe, with band
gaps of 1.42 eV and 1.50 eV, are among the top
materials for solar applications, GaAs delivers record
efficiencies for space and concentrator photovoltaics,
while CdTe offers strong light absorption and cost-
effective large-scale production for thin-film panels’.
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exhibiting distinct carriers dynamics.

CONCLUSION

+ USEM was utilized to study two photovoitaic materials, GaAs and CdTe, to
track charge carriers at the surface,

* GaAs showed a longer decay time (~500 ps) than CdTe (~250 ps).
indicating extended carrier lifetimes, while CdTe exhibited faster recovery
and better carrier diffusion,

* These results highlight distinct electronic advantages in each material,
informing strategies for improved solar cell performance.
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RESULTS & DISCUSSIONS

Contrast changes at the center of
illumination reflect surface charge carrier
behavior?,

It provides valuable dynamical
information, include: carrer generation,
separation, transport, and recombination.
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HYOGEN PRODUCTION BY
ELECTROLYSIS - LAYAN

This project focuses on synthesizing BaCe XIYKO4XS (x = 0.05, 010, 015) via solid-state
reaction using BaCQO;, CeO,, and Y,O;. The powders will be calcined at 1000 °C, char-
acterized by XRD, SEM, and TGA, then pressed into dense pellets (sintered at 1200 °C).

Proton conductivity will be measured between 300-600 °C under y and wet air
conditions.
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ELECTROLYTE ADDITIVE FOR
AQUEOUS ZINC ION BATTERY

This project is an introduction to the study of electrolyte additives for aqueous zinc ion
batteries(AZIBs). The AZIB is one of the emerging technologies in the energy storage
industry, and the inefficient zinc anode hinders its further application. Electrolyte
additives are among the most promising strategies for enhancing zinc anode perfor-
mance. In the project, we conducted the fabrication and testing of zinc batteries,
along with the common characterisation of AZIBs. This project aims to illustrate the
fundamental knowledge of battery making and electrochemical tests.

PROJECT MENTOR: Guanjie He

PROJECT MEMBERS: Lojain Khalil Aseeri

Electrolyte Additive for Aqueous Zinc-lon Battery
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Lojain Aseeri
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1. Introduction r 2, Concept & Limitation
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LITHIUM EXTRACTION FORM

SEA WATER

Synthesis of COFs and use COFs to extract Lithium from seawater
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Lithium Extraction From Seawater

Ghadeer M Aljohani, Maysoon Abu Ong, Dr. Shuhoa An, and Prof. Zhiping Lai

Contact: ghadeermaljohani{@gmail.com / maissma(@hotmail.com

Introduction

Within today's world, lithium has become as one of the most significant
elements, especially with the growing global demand for batteries and electric
vehicles. However, the limited supply of lithium resources may become an
issue with the rapid growth of lithium « pti awater ©

around 230 billion tons of lithium, nearly 5,000 times more than land-based
reserves, but at low concentrations (~0.2 ppm) and significant amounts of

competing ions. Our research uses covalent organic frameworks (COFs),
which are highly porous and tunable materials, to selectively adsorb lithium

ions from challenging water sources such as seawater and oilfield brine.

Results

Langmui model
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Objectives

* Develop COFs for efficient lithium extraction from seawater.
* Compare the performance of TpPa-COF and TpPa-503H in lithium uptake.
* Enhance selectivity and capacity for lithium over other ions,

compared to TpPa-COF (Qm = 2.56
mg/g), along with better affinity
Fig. 2 PXRD Analysis of COFs and model fit (R = 0.998)
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Fig. 1 Synthesis of COFs

Conclusions

* Covalent Organic Frameworks (COFs) offer a promising platform for Jithium extraction from challenging
brine sources.

* The designed TpPa-COF and sulfonated TpPa-503;H demonstrated high porosity and tunable chemistry for
selective lithium adsorption. The results indicate that TpPa-SO3H exhibits superior lithium uptake (~40 mg/g),
while control materials show negligible capacity (-2-3 mg,:'g).

* Future work will focus on device integration and real-brine testing.
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and functional designs. Nature Reviews Materials, 1(]0)‘ 1-19.
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COSOLVENCY-DRIVEN GROWTH OF MAPBI,
SINGLE-CRYSTAL SOLAR CELLS USING INVERSE
TEMPERATURE CRYSTALLIZATION (ITC)

We demonstrated the growth of MAPDI; single crystals using a cosolvent-assisted
inverse temperature crystallization (ITC) method. By adding methoxyethanol to y-buty-
rolactone (GBL), we achieved larger and higher-quality crystals, which improved the
performance of perovskite single-crystal solar cells.
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Abstract

We demonstrate the growth of MAPDI
single crystals using o cosolvency-assisted
inverse temperature crystallization (ITC)
methed.  While  y-butyrolactone  (GBL)
alone yielded mode.rate resulis, the addnm
of meth b | asu 1 if

lubili g larger,
hlghm'\-quallty cerystals. Devices fabricated
from  these crystals showed mpmved
cfficiencies compared to those grown in
GBL only, This work highlights co-
solvency as o simple and effective srategy
to control crystallization and advance high-
performance perovskite single-crystal solar
cells,

Intreduction

Perovskite single erystals have attracted
significant attention in recent years due to
their exceptional optoelectronic propertics
and potential for high-performance solar
cells, Compared o polyerystalline flms,
single crystals exhibit low defeet densities,
longer  carrier  diffusion lengths, and
extended carrier lifetimes, which are
crucial for improving  device  efficiency.
Inverse emperature erystallization (ITC) is

o widely used method for  prowing
perovskite  single  crystals,  offering
simplicity  and  scalability.  However,

controlling crystal size, morphology, and
quality  remains  challenging; R.cccaat
such as i
Lrysmlludllun have  shown plmmm. in
cnhancing  precursor  solubility  and
regulating crystal growth, In this study, we
explore a cosolvent sirategy Lo improve the
growth of MAPbL single erystals, aiming to
produce  uniform,  high-guality  crysials
suitable for efficient solar cell applications.

Device architecture and SEM image

7

la)

al Architechure schematic
b) SEM eross-section

Methodology
I'rammmr« & Solvents: MAI and PI:]; dissolved in a -
butyrol (GBL)2-methoxyethanal (2-ME) cosolvent

for comtrolled nuclestion and stable growth,

Crystal Growth (le'} Suinln‘m I.Lmrlnt.d between PTAA-
coated ITO substrat | from &0 °C
® 130 °C at 2 °C b 1o induce eryssallization, Crystals
cooled Lo room temperature ina nilrogen glovebox.

My | | am |

Device Fabrication: Cleaned 1TO substrates by sequential
ultrasonic bath and UV-—ozone treatment.  Spin-coated
PTAA as the hole transport layer. Deposited C60 and BCP
layers. followed by Cu electrodes via thermal evaporation.

Characterization: Morphology  analvzed by optical
microscopy and SEM; device performunce evalusted by 1-
W measurements under nitmgcn.

Results

Using a GBL2-methoxyethanol (2-ME)  cosolvent
significantly improved single-crystal solar cell performance
compared to GBL alone, The devices showed higher shori-
circuit current density (Jso, 20.82 — 22.36 mA em™), open-
circuit valtage (Voc, 101 =+ 1,10 V), and fill factor (FF,
66.75% — 73,48%). These enhancements lifted the power
conversion efficiency (PCE) from [4.12% 1o [8.58%. The
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Conclusion

The use of a GBL/2-metl hianol

improved the growth of MAPbL single crysm!s resulting m
larger and hlgh:r-qual\ty I:'l‘y#x]s DC‘\-’II’.‘,I:“ fubricated from these
crystals with Jsc,
Vo, and FF increasing :md the power mverllon efficiency
rising from  14.12% to 18.58%. These improvements
demonstrate  that  cosolvency  enables  more  controfled
mmnm and better interfacial contact, providing 2

¥ 5 3 ibuted s G lled
bRl ke i oS hforward and effoctive strategy 1o enhance perovskite
the eMfectiveness of the cosolvency-assisted growth sirategy. smg_k'cw solar cell performance.
J-V curve Acknowledgements
C—GBL 1 am grateful to Women and Energy and the King Abdullah
el ———GBLIAME City for Atomic and Renewable Energy, 25 well as KAUST
Academy and the Center for Renewable Energy and
Storage Technologies (CREST), for their support, mentorship,
E and the opporunity to explore beyond my field.
w4
s
»
B
60 a2 04 an [ 10 12
Vo (V)

Table 1. Results from JV Measurements

GBL

2082 1.01 14,12

GBLIZME 75.48

2236 14 18,58
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EXPLORING CATHODE MATERIALS
FOR HIGH-PERFORMANCE WATER-BASE
BATTERIES

This work investigates vanadium oxides and other cathode materials for Zn-ion batter-
ies, comparing their capacity, cycle life, and stability to advance next-generation
sustainable energy storage. The goal is to identify the best-performing cathode materi-
al with the highest capacity and longest cycle life by optimizing cycling conditions
through systematic testing at various voltages and current densities.

PROJECT MENTOR: Wandi Wahyudi

PROJECT MEMBERS: Muruj Zakaria Kassem

EXPLORING CATHODE MATERIALS FOR HIGH PERFORMANCE
WATER-BASED BATTERIES

Muruj Kassem, supervised by: Dr. Wandi Wahyudi, Prof. Husam N. Alshareef

King Abdullah University of Science and Technology (KAUST)

INTRODUCTION

= Zinc-ion batteries (ZIBs) offer a safe, low-cost, and sustzinable
solution for grid-scale and portable energy storage technologies,
thanks to agueous electrolytes, non-flammability, and abundant zinc
resources.

* However, the practical capacity, long-term stability, and efficient Zn**

storage of ZIBs are still hampered by the cathode malerials.
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Fig. 1. Charge-discharge mechanisms in the state-of-the-art V.0, cathode

OBJECTIVES

This work investigates V,0s and other cathode materlals for Zn-
ion batterles, comparing their capacity, cycle life, and stability to
advance next-generation and sustainable energy storages.

EXPERIMENTAL

Dischamga Cagachy [mARg)

Cycls Number

Fig. 3. Cycling per of dif in ZIBs

ACKNOWLEDGMENT

| gratefully acknowledge the support of KAUST Academy, CREST, WE
Spark, and K.A.CARE, with special thanka to Dr. Wand| Wahyudi and
Prof. Husam N. Alshareef for thelr guidance,

4
Cungls dagtsl A0 l“—
KAUST ACADEMY

women
& energy

©)
abballalll s Slolldizan =4

CREST®:
koot L

ta)
o, A oV
L Ay
: %
oo P
a \/
-1
@4 00 1z 8 04 o 1 o
fc} Vealmge [V} otage (V]
Batoen LV Aftar GV P | i
Ll Ty L g Foml i -
€ s w4 ‘.
LT . e T LI
foo i o
200 i ;; 0.

o0 me 4m e mo wm

Fig. 4.

R (e

0 Mmoo oam mo mo 0w
A} {onm)

{a, b) Cyclic voltammetry (CV) showing redox activity of different
cathodes.

{c, d) Electrochemical impedance spectroscopy (EIS) highlighting
resistance changes before and after CV.
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CONCLUSION

V,0; delivered the best electrochemical parformance with higher
stability and capacity, while V.0 also showed strong activity.
Other cathodes remained less effective, confirming vanadium
oxides as promising cathodes for Zn-ion batteries.
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BOOSTING ZN-ION PERFORMANCE
WITH ELECTROLYTE INNOVATION

The project aims to improve zinc-ion batteries by testing and evaluating ZnSO4 elec-
trolyte with. Different other materials to make the electrolyte Hybird, additive or both
and enhancing their performance for safer and more efficient energy storage with

higher capacity and longer life cycles

PROJECT MENTOR: Wandi Wahyudi

PROJECT MEMBERS: Najwan Nazih Garbi

Boosting Zinc-lon Battery Performance with
Electrolyte Innovation

Najwan Garbi. Supervised by: Dr, Wandi Wahyudi, Prof. Husam N. AlShareef

= Zinc-ion Batteries (ZIBs) are safe, low-cost, and eco-friendly, It
utilize | lytes and abundant zinc offering
high capacity, and enhanced operational safety.

+ ZnS0, is chosen as the electrolyte for its high ionic conductivity,
excellent chemical stability, and strong compatibility with Zn
anodes, ensuring rellable performance
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mtrmation
Discharge  Charge n A
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This study aims to design optimized Zn-on battery electrolytes to
achieve longer cycle life, higher capacity, and greater stabillty, 1o meet
the grawing demand for sustainable energy technologies
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Fig,7 Cycling performance of various current (C-rate) for the hybrid-
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Amang the investigated electrolyte systems, the hybrid additive
formulation (ZnS0, + Na, 50, + MnSC,) exhibited the most
promising el hemical perf as evl d by reduced
interfacial impedance, stable Zn-ion intercalation kinetics, and
enhanced averall cell efficiency.

Deng et al. lonics. 2021,11:3383-2402.
Xu et al. Energy Storage Mater. 2012;10:299-308.
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OPTIMIZING SN LOADING IN CUO
CATALYSTS FOR CO, REDUCTIONTO CO

Project focuses on developing and evaluating novel catalysts for the electrochemical
reduction of carbon dioxide (CO,) into value-added products. Various materials are
synthesized and characterized to understand their structure—activity relationships,
followed by electrocatalytic testing under different operating conditions. The goal is to
identify efficient, selective, and stable catalysts that can enable sustainable CO,
conversion, contributing to carbon-neutral energy solutions

PROJECT MENTOR: Xiangyun Xiao (Tony)

PROJECT MEMBERS: Raghd Abdullah Saleh Hantoush

Optimizing Sn Loading in CuO Catalysts for CO; Reduction to CO
e e Raghd Hantoush

Supervised by: Cn:

Department KALIS
Institution

nable EnergylACSE)
/ (KALIST)

Introduction
The increasing conceniration of CO; in the atmosphere is one

Results & Discussion

Materials Characterization

of the main drivers of global warming and climate change. + XRD
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= Electrode Preparation:

L CuD: nanaparticies
Electrochemical Performance

Sn-Cun + FE
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+ Experimental Setup: .
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+ Optimizing Sn loading significantly enhanced CO selectivity
by redirecting the CO2RR pathway while suppressing H:

formation.
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THIN FILM GROWTH FOR APPLICATIONS
IN PHOTOVOLTAICS

Thin film photovoltaic devices are complex and challenging to make as different mate-
rials need to be grown on top of one another in thin film form with minimal defect densi-
ty. Defects in these thin films can act as trap centres leading to unwanted carrier
recombination thereby reducing the efficiency of these devices. In this project we will
understand how a thin film grows, what defects could it have and what factors affect
the density of these defects. You will attempt to develop a model of growth of thin films
and see for yourself how defects naturally occur and then propose strategy of how to
minimise defect density to improve efficiency of photovoltaics.
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Thin film characterisation for promising PV layers

Mzoun Almutairi, Rawan Aldosari, Shouq Fairag

Zeyou Li, Pramita Mondal, Niladri Banerjee

B Introduction

b
Hellcans:

This project Investigates advanced materisis for
rest-genecation sclar cells, focusing on helicene-
based hele-transpodting materials (HTMe) and
nicbium nitride [NBN| electrodes. Helicenes are
chiral organic molecules with unigue  optcal
properties,  high  conductivity, and mosture
resistance making them [deal for improving
percwskite solar cell performance. NoN offers
excellant cherge transport and stabllity as an
electrode material To evaluate these materials,
Atomic Force Microscopy (AFM) & used to
characterize helicene film morphology, while

HE Objective

B Methodology

Hellcene films were prapered from 20 snd 35
maiml solutions spircoated anto Si/Si0;
substrates. Repld spinning produced uniform
films, with solvent svaperation leaving a thin
polymer layer. To examine thermal effects,
bath concentrations were siudied in annested
and nor-anneated forms

The NoN films ware deposited using puised |
lazer deposition [PLD). by using & pulsad laser \ =D
fo ablate a targe! matarial, sreating a plasma

pleme thal deposits onta a heated subsirate, .
forming & thin film with controlied composltion T
and properies

& Results

« M3 rovghness for § pm = 5 pm non-annealed sampies 81 20 and 35

maiml concentrations wias 0571 nm and 1528 nm,

Kelvin Frobe Force Microscopy (KPFM) assessas
the electranic properlies of mabium nitride

= At a 20 mg/mL annealed fm, the most frequent fibril sizes are 34 aad 38

nm, whereas af a 356 mg/ml concentrafion, the dominant sizés appear at
25,27, 30,4nd 37 nm,

+ Kolvin probe resuts for NoN show a

résative shift from 170 to 154 my, -
aiving a waork function vaiue of 4612 |~ M
e matching the rmported work j.. I
inclion range of 4.6-4.9 eV, =15 il

K Conclusion & future work

This etudy ful ihe surface 3 af
helicens thin fims and confirmed that the work Tunction of niobium
nitride thin filma falis within the expected theoreticat range, indicating
high-quality  fabrication.  We  strongly  recommend  further

« Noacanresied samples show & uniform, featureless surface. with a slight

height increase at 36 mg/ml concentrafion

o [iMS roughness for 5 gm = & pm ameated samples al 20 snd 36

mgimL concantrations was 5798 nm and B.607 nm, respectively

» Annesied samples exhibited more distinct peake and troughs, with a

notable increase in height cbserved al the 36 mg/ml concentration

using optical ) such &8
phelsluminescence and Electronic Gircular Dichroism [ECD) fo axplons
thie chiral optical properties of helicene. Additionally, helicans shows
preenising polential as an organis materlal for spplication h GLED
tachnotogies:

[l References & Contact
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HYDROGEN PRODUCTION BY
ELECTROLYSIS

This project focuses on synthesizing BaCe,XKYKO4XS (x = 0.05, 010, 015) via solid-state
reaction using BaCO;, CeO,, and Y,0s. The powders will be calcined at1000°C, charac-
terized by XRD, and SEM, then pressed into dense pellets (sintered at 1200°C). Proton
conductivity will be measured between 300-600°C under dry and wet air conditions.-
Finally do the integration with CSP

PROJECT MENTOR: Rohit Rai

PROJECT MEMBERS: Reem Sultan Albalawi

Synthesis and Characterization of BaCe,_xYx0,_0 Electrolytes Materials:
A Proton-Conducting Electrolyte in CSP-Powered Hydrogen Production.

Reem Albalawi, Supervisors: Dr. Rohit Rai, Yuvraj Vaishnav, Prof. Yoji Kobayashi

King Abdullah University of Science and Technology (KAUST), KCC Division, Saudi Arabia

Objective XRD & Rietveld Refinement

Hydrogen is central to the clean energy transition. Protonic Ceramic
Electrelysis Cells (PCECs) operate efficiently at 400-600 °C, offering high
hydrogen purity, lower electrical demand, and improved stability.

BaCa0; perovskiles, with tomer-sharing CeOy oclabedra (Figure 1), provide
palinvays For proton frarsporl wilh ks migration energy bamers (-1.14-119
&) ¥
In this poster, BaCey Y4z @ (x = 0, 0.15) was synihesized 1o create more |
axygen vacancies, thereby enhancing preton conductivity. The materials wene
characterized for applicaticn in CSP-powered electrolysis systems, aiming to
anabla green hydregen production in off-grid configurations.

Conductivity

v 4 4 - " s
9 5L " aef As shown in Figure 2, the EIS Nyguist P e
g rd ¢ barriars. ]
cred e e pvon o =rey e H specirum of BaCes. usYe1s0s.8 8t 500 °C =
Synthesis method was filled wilh an Rs—CPE-Rp model i
The T ietana (R

les of BaCa, .Y\ 0 wara with diffarant ¥ doping lavels o
investigate the impact of dopant concenfration an proton conductivity

= 936 () comesponds to a proton -

conduclivity of 63 = 107 Som™,

consistent with reporfed wvalues for Y- .

doped BaCeOs and confiming efficient o e
proton Transport al intermedisle r
tamparatura. e i

Application

Concentrated Solar Power (CSP) uses mirrors to concentrate
sunlight into receivers, generating high-temperature heat {400
600 °C or more) that can be stored and converted Into electricity.
These conditions align directly with the operating window of
Protonic  Ceramic  Electrolysis Cells (PCECs) based on
BaCe, «Yx0,_8, which require intermediate-to-high temperatures
for efficient proton conduction. By coupling CSP with these
electrolytes, solar heat reduces external heating demand while

SAMFLE PREPARATION SHAPING CALTINATION CHARACTERIZATION
L MIING

Détarent compasians  Powdars wara BaTples were caldned  XHDL SsM and
of BaCa, Vo B (X = formed Ko fbe-fe i a femace at 1000 proton  condustivly
0, 0.95) wee pRpaned  gnapes sing rmanual

by sollmatic oo Losyh il MeRRIBAc. MIB solar electricity drives the electrolysis process. This Integration
mu :1” sa\g%. pariarmed. enables the direct production of green hydrogen from only
podes: & sunlight and water, providing a sustalnable pathway for farge-

scale hydrogen generation in sun-rich regions.
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Womean and Enargy initiative. Their ive contributions wera fo the succassiul complation of this project. bolh heal and ekeclncily, enabkng efficient solar-driven green hydrogen producton.
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ENHANCING ENERGY DENSITY AND
LIFESPAN OF V.0,-BASED ZINC-ION

BATTERIES

The project aims to improve zinc-ion batteries by testing and evaluating better cath-
ode materials and enhancing their performance for safer and more efficient energy
storage with higher capacity and longer life cycles

PROJECT MENTOR:

Wandi Wahyudi

PROJECT MEMBERS: Roba Faisal Alnushayri

Enhancing Energy Density and Lifespan of V,03-Based Zinc-lon Batteries

Roba Faisal Alnushayri , Supervised by: Dr. Wandi Wahyudi, Prof. Husam N. Alshareef
King Abdullah University of Science and Technology (KAUST)

Renewable Energy Program, KAUST Academy

Introduction

Water-based zinc-ion batteries (Z1Bs) offer a safe, low-cost, and

sustainable energy storage solution, yet their practical
application is limited by challenges in energy density and cycling
stability. Vanadium(lll) oxide (V.0;) has emerged as a
promising cathode material due to its high capacity and
structural versatility, which facilitate zinc-ion intercalation [1].
This work systematically investigates the impact of different
formation protocols on the electrochemical performance of
V,0s-based ZIBs, with the goal of optimizing both capacity
retention and cycle life.

Fabrication and Methodology

The cell was fabricated through six steps shown in Figure 1: first,
the V0, cathode was placed, followed by a fiberglass separator.
Next, 120 pl of 3m ZnS0, in H;0 electrolyte was added, and the
zinc anode was positioned, A spring and a spacer were then
inserted, and finally the cell was sealed to complete the
assembly.

Figure 1- Fabrication process and cell component
The assembled cells will be tested under different current

Different current

Figure 2- shows the
best capacity and
stability at 2.5 Alg,

while 0.5 Afg quickly
loses performance.

Higher (5 AJ/g) and
lower {1 Alg) currents

100
Q give moderate but less

o = - optimal results.
100 200 300 400 500

Cyele Mumber
Figure 2- Discharge capacity under different currents

Impedance measurements
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densities to determine the best conditions for maxi ]
capacity. To validate these results, electrochemical impedance
spectroscopy (EIS) will be measured at three current levels.
Finally, various formation protocols will be compared to identify
the most effective method for enhancing capacity and lifespan.

Acknowledgments
Thie work was suppored by King -Abdullan Liniversty

jence and

Tt e 11y

Figure 3- (EIS) results for three different currents 147, 2.5A7g and 549

This cycling test further confirms the electrochemical
impedance and the data shown previously. Just as the Nyguist
plots indicated 2.5 A/g had the lowest resistance and most
stable impedance response, this long-term cycling test
demonstrates that 2.5 A/g also delivers the best balance of
high capacity and cycling stability, reinforcing that it is the
optimal operating current density.

Formation Process

o #  High Curmert
_g_’ 400 7Sk
3 4 Siow CH.Fast DEH
‘g’ 300
& 2o0
g . :\
- N
& i
50 100 150 200 250 300

Cyele Murmber
Figure 4= Discharge capacity for different formation process

1.High Current (1A/g): This single-step protocol achieved the
highest capacity, retaining =160 mAh/g after 300 cycles at 2.5
Alg, making it ideal for high-energy applications.

2.2-Step (0.1 A/g to 1.0V, then 0.05 Afg to 1.4V): This
stepped process provided the best stability, with a gradual
capacity fade to ~95 mAh/g, offering optimal performance for
long-cycle-life requirements.

3.Slow Charge-Fast Discharge (0.05 A/g charge, 2.5 Afg
discharge): This asymmetric protocol failed dramatically, with
rapid capacity decay, rendering it unsuitable for this material.

Conclusions

W;0; shows strong potential as a cathode for ZIBs, where
charge conditions and cycling protocols greatly influence the
performance. Optimized current density and formation improved
capacity, stability, and lifespan. Further study is recommended
on the slow charge-fast discharge process for solar systems,
and on testing at higher temperatures to confirm stability.
References
[1] K. Zhu et al., "Defect engineering on V203 cathoede for long-cycling
zine metal b ries,” Mature C i vol. 12, no. 1,
MNowv. 2021
[2] Y. L et al., “Corrigendum to V205 nanopaper as a cathode material with
high capacity and long cycle life for rechargeable aqueous zinc-lon battery”
[Nano Energy 60 (2019) 752-759]," Nano Energy, vol. 63, p. 103839, Sep. 2019
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CHIRAL-INDUCED SPIN SELECTIVITY
FILM ON A SUPERCONDUCTING SURFACE

Chiral organic molecules adsorbed on top of a superconductor. These chiral molecules
have been proposed to convert a spin-zero Cooper pair to a spin-one Cooper pair
thereby allowing spintronics to be integrated with superconductivity. The project will
involve understanding how the CISS effect works in the normal state without supercon-
ductivity. Once this understanding is developed, the project will explore how Cooper
pairs with zero net spin can convert to spin-polarised Cooper pairs on passing through
these molecules. Here, we will also handle some data from real experiments that was
performed in Imperial labs recently.

PROJECT MENTOR: Nilai Banerjee

PROJECT MEMBERS: Shahad Abdulrahman Alrifai, Muzon Mahmoud Almahmoud

Nisrin Mohammad Balhareth

Imperlal College
» London .

alil iai

Chiral-Induced Spin Selectivity Film on a Superconducting Surface

Team : Shahad Alrifai , Muzun Almahmoud , and Nisrin Balhareth Supervisor: Dr. Niladri Banerjee

Department of Physics, Imperial College London
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Figure 1. iab A ua s of e nﬂpwod chiral inducel spis shectisity (01559
m(xu ) Sehesatic

When electrons travel (hrough chital molecules, the process
dcpcmis on both the electron’s spin o the  molecule’s

form. This known as chiral-induced
spin  selectivity (CI1S5), plays a key role i tailodng

superconducting bebavior. Matably, coupling chiral mobecules
with controfled electron spin alignment offers a promising
pathway for the realizotion of spin-triplet Cooper pairs in
supercondisctors’™.

2.Sample Preparation

O Thin-Film Coating

a
Step 1 Srep 2

oo 1 01

Fgmre: 2, The: spsin cnaling precess. a) A salution of peplide in & ansmen sh
. WA el e i upi-cht

3.Simulated Equilibrium Distribution of SAM Layers on a Rough Gold Surface

The model takes into sccount the viriation of effective binding enargy due to the rebighness which affects the sdsortion defsity.
S0 we have hundled everything in this position dependent binding enengy lerm with o cosine dependence.
g (531 B e vkl

From Jeremy Baumberp's paper’, we pot E; as 1.92 ¢V on flat Au, Now the

5.Conclusion

Thiz swudy examined the effect of chiml peptide SAMs on
Mb/Au thin flms. It demonstrates e successful fubrication of
Nb'Au thin fiims with an arganic compound coating, analyned
using AFM  for surface morpholegy  and  PPMS  for

dersily 15 1 by o Baoli

Proors 105) m-w[—"‘h}' ptile ) The molecular packing density from Masson paper® o, . 10 molseulesinm?
N

rv.;x(imn_} So, finally we plot g, fr2 ﬂp(_‘skuﬂ} (
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4. Results and Discussion
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properties. The findings reveal how  the
ouwuc layer oand processing  conditions  affect  film
belavier. Using theee samples (SAMI, SAMI. SAM3)
prepared  under  different  coating conditions,  PPMS
measurements  showed  slightly reduced Te with  similar

coherence lengths, while AFM confirmed increased roughness
and thickness compared to bare Nb'Au. These findings indicate
that chiral molecular lavers can  moe the superconducting
propesties of Nb/Au films, offering putential for applications in
SQUIDs, superconducting qubits, and valusble insights far
fature research in nanomaterials and enenzy fechnologies.

6.Challenges and Future direction

Our uiderstunding of how the CIS8 effect woeks on
superconducting surlsces is sl Hmited: s a fiebd that
requires much more research amd experimentation, The
mechanisms for spin-filtering in Cooper pairs are still
upchenr, and much of the existing CISS effect research and
models do not account for supercotductivity. Exploring
cilferent superconductors. and chiral molecubes will be
necessary for leveraging the CI55 effect in superconducting
spintrenics.
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ADVANCED CATALYSIS OF
SUSTAINABLE ENERGY

I am currently conducting research at the KAUST Catalysis Center at King Abdullah
University of Science and Technology (KAUST), under the supervision of Huabin Zhang
and in collaboration with PhD student Abdulrahman Allangawi, as part of a broader
initiative supported by Aramco. The focus of my project is the synthesis and develop-
ment of g-C;N, (graphitic carbon nitride) — a highly promising material for both photo-
catalysis and electrocatalysis. We are synthesizing this material entirely from scratch
and exploring its performance in CO, reduction to methanol, as well as its potential for
water splitting and hyogen production. My work involves extensive hands-on lab expe-
rience, including operating advanced characterization instruments and conducting
catalytic reaction experiments. We hold weekly meetings to evaluate our lab progress
and plan next steps. Zhang has expressed his appreciation for my dedication and
performance, and has also indicated the possibility of continuing this work within his
research group during my master’s studies. This project has significantly strengthened
my practical skills in material synthesis, catalyst testing, and clean energy applications
aligning closely with my passion for sustainable energy and environmental innovation.

PROJECT MENTOR: Huabin Zhang, Abdulrahman Allangawi Ph.D. Student

PROJECT MEMBERS: SHAHAD AL GAMDI
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A WASTE-TO-WATER RADIATIVE COOLING
SYSTEM FOR OFF-GRID ATMOSPHERIC
WATER HARVESTING

This project aims to harness atmospheric water from humidity through the principle of
radiative cooling, utilizing various repurposed waste materials, primarily plastics. The
entire system is designed to be constructed from a diverse range of recycled and upcy-
cled components, emphasizing a sustainable approach to resource management.
Furthermore, this innovative system is engineered for remote, passive operation, mean-
ing it is entirely energy-free and requires no external power input. Its functionality is
inherently dependent on the intrinsic thermophysical properties of the chosen materi-
als, making it a truly self-sustaining solution for water harvesting.

PROJECT MENTOR: Shakeel Ahmad, Murali Gedda

PROJECT MEMBERS: Shahad Alasbali
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COMPARISON STUDY OF THE PERFORMANCE
OF ZINC-ION BATTERIES USING CARBON
PAPER AND TI MESH CURRENTS COLLECTORS

While much research on aqueous zinc-ion batteries (ZIBs) has focused on cathodes,
zinc anodes, and electrolytes to improve performance, little attention has been given
to current collectors, even though they are a key component of the battery. Therefore,
this project is a comparison study to investigate the performance of Zinc-ion batteries
(ZIBs) with Zn-HCF-based cathodes with different current collectors, which are carbon
paper, Ti mesh, and Ti foil. Where Ti mesh showed exceptional capacity and c-rate,
surpassing Ti foil, emphasizing the effect of the material structure, and carbon paper
showed good properties, standing as the most stable current collector out of the
three. This work provides a good guide to choosing the most suitable collector out of
the three tested ones.

PROJECT MENTOR: Guanjie He

PROJECT MEMBERS: Waad Wahab Aldobisi

Comparison study of the performance of aqueous zinc-ion batteries using
carbon paper and Ti mesh and foil currents collectors
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DEVELOPMENT OF PHOTOELECTROCATALYTIC
MATERIALS FOR HYOGEN AND CO, CONVERSION

This project explores the development of advanced photoelectrocatalytic materials
for solar-iven hyogen production and CO, reduction, aiming to support Saudi Arabia’s
Vision 2030 for sustainable energy. Under the supervision of Yun Hau Ng and mentor-
ship of s. Rohul Adnan, Naveen M H, and Aliyah Fakim, | am working in the Catalysis for
Alternative and Renewable Energy Lab at KAUST.The research focuses on synthesizing
and optimizing three main materials:BiVO, photoanode for simultaneous H, and H,O,
generationCu,O photocathode for CO, reduction and urea productionCovalent
Organic Frameworks (COFs) as emerging platforms for future experimentsThe work
involves material layering techniques to enhance efficiency, characterization using
X-ray diffraction (XRD) and Scanning Electron Microscopy (SEM), and photocurrent
testing under simulated sunlight. Each material's activity is monitored over time to
assess performance stability and energy conversion potential.This hands-on research
has deepened my understanding of photoelectrochemical systems and strengthened
my commitment to finding innovative solutions for renewable energy.

PROJECT MENTOR: Yun Hau Ng - Rohul Adnan Naveen M H Aliyah Fakim

PROJECT MEMBERS: Washeel omarhashim, Zahra Sami Q. Malaekah
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THIN FILM MEMBRANES FOR CO,
SEPARATION AND CAPTURE

Thin films are essential in CO, applications such as gas separation membranes, reduc-
tion catalysts, and sensors. They are tailored for high permeability, selectivity, catalytic
activity, or conductivity to enable efficient CO, capture, conversion, and detection.
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