10" South African
Conference on Photonic
Materials 2025

SACPM 2025 Hosted by the Division for
Physics of Condensed Matter
7-11 April 2025 and Applied Physics Division
Amanzi Game Reserve of the South African Institute
Free State of Physics.
South Africa o“\—\ AFIe,C

‘7
‘Oo \ w 7
z $ )
(V2] ~
events.saip.org.za/e/SACPM2050 ’)} , Py



(98po7 ureyunoyy) (ewoqysng) (ueineysay) (ueineysay)
SpIEMY % Jauuiq e leelg lauuig 1auuiq? uonoun4 Suiuado 0otgt
€ 3N dwe9 / awy) 3314 ZonIQawes [ awi) 9814 ToALQaWes / awi) 3314 ””“MH
(02uGT -00uS1) eaLuoonay | (0zuet -ooust) earvooniny e AR Yy (CulPing UIeW/LONGadRY) rooueronyer
BW.BYS 1eUSIA ZC alnquieyy ‘d's ‘st Uonensisay 00usT - OUYT
QUEQNYL ANIPUES T BILY NP3UILD ‘b1 Uo1SSas 191504 SR OPUYT - 0ZUYT
SIJeH pIeyaly ¢ S]0%el dNlqeYIaY €T 02u¥T - 00uyT
Z)10H J010-13d :panAu| yaddr] sewoy ) :payAu] Spieyly °s 32£1g :payau| 00U¥T - 0SUET
14221q)93u3 "Y"Y'[ 11y 19N T 11849 1ahap ‘M ey
(neH a1qes) yauny (neH 1qes) youny (neH 1qes) youn1 0gueT - ocuzt
nuwieefer nweleays ‘61 ejawIas wielyd3 ojadey] ‘gt Jewny Aeuin ‘9 02ZUzT - 00UZT
(osutT-02UTT) A3IISBYIYSO|Z UIUBISUOY 'TT 9124 31i8uoay ' 00Uzt - OVUTT
1JOYud)I307 JaBIPanY :payAu| oxnqize|y 1puey] 01 99T PIeMPI 'y 0uTT - 0CUTt
yquen‘3.iey) adeyuaang ‘W'w J1eyd 995190 7.11eY9
Aeaig 93)j0] / e Aealg 98)j0] / e8] Aealg 9s}j0] /e8] 0cuTT -00UTT
Jewny Aefin g1 BLUYSE) BLUYSE) ‘6 1yo81q)a8ug aider °¢ 00UTT - 0VUOT
UuewsgeH yiaqez /1 IMINNWBN IUBpUBINA "8 pases JipeN g 0vu0T- 0ZUOT
9(9peY Deuod 91 aueojyeiowey adoH ‘£ IPE1L O18WN1I0G T 02Y0T - 00401
Slounueyy 3019 :Kieuayg 0)e 31puy :ieua)e DI3H Japuexaly :lieuaid 00Y0T - STU60
uooy -3y 11e49 suejqual ‘r'rieyd Mems “9'H 1ey9
ainyedag SJUaWadUNoULY S)UBLIBIUNOULY (heH ages) Suluado GTU60 - 00U60
(ueineysay)isepjealg (ueineysay) isepealg (ueineysay)isepealg (ueineysay)isepealg 00U60 - 0SYLO0
1dy-T1 1dy-01 1dy-6 1dy-g 1dy-£
fepu4 fepsiny) fepsaupam fepsan] fepuoyy aw]

10™ South African Conference on Photonic Materials - Amanzi 2025



PRIVATE GAME RESERYV

GUEST HOUSE
MAIN BUILDING

(i) RECEPTION

@) RESTAURANTT

»

MAIN GATE

CROSS ROUTE

~

Braai (Wednesday) @
BUSH BOMA
h O SWlMgPOOL

DORMITORY

N

'10

iR CARACAL

Conference Venue

NO ENTRANCE
E

ABLUTIONBLOCK

—
Gala Dinner
(Thursday)

LOVE
PEACE PATIENCE MOUNTAIN LODGE
Aadas

FAMILY CHALETS

4?»

NO ENTRANCE

GATE - CODE 93245#

—

la TORTOISE
SANCTUARY
~
~

RED REEDBUCK
WALKING TRAIL

MAP NOT TO SCALE

K
‘s’ MEERKAT LEOPARS'S REST

lVELVET MONKEY




Table of Contents

List of Animals at AMANZI.......oiuiniiii e )
0T o0 T 0101 10 6
Organising Committee/LiSt Of SPONSOIS .........viuiiei e e 8
CB van WYK Family TrUSE ..o e 9
Message from SAIP President.........ouiieiiiiiiii e 10
Message from SACPM 2025 CRhairman .........o.ueeriiinieeie i e eeie e eeeeaeaannas 12
Plenary SPEakers ......c.couiiuiniitii e 17
Alexander M. Heldt. ..o 17
Andrey Turshatov ... 17

Bice S. MartinCigh.........oooiiii e 18
Invited SPEaKers ......ooiii i 19
Per-Olof HOIZ. ... 19

Bryce S. Richards. ... ..o 19
Ruediger F. Loekenhoff....... ... 20
Thomas LIPPETt. ......ueni e 20
Scientific Programme and AbStracts...........oovuuiiiiiiiii e 21
Tuesday 8 APIil... .o 21
Wednesday 9 April......oo.oiiiiii 30
Thursday 10 APril.... ..o e 42
POSTETS. . ettt 53

4

10™ South African Conference on Photonic Materials - Amanzi 2025



PRIVATE GAME

RESERVE

African buffalo

Afrika Buffel

Syncerus caffer

African civet Afrika sivet Civettictis civetta
African leopard Luiperd Panthera pardus
African wildcat Vaalboskat Felis lybica

Antbears / anteater Aardvark Orycteropus afer

Black impala

Swart rooibok

Aepyceros melampus

Black springbuck

Swart springbok

Antidorcas marsupialis

Black-backed jackal Rooijakkals Lupulella mesomelas

Blue wildebeest Blou wildebees Connochaetes taurinus
Bontebok Bontebok Damaliscus pygargus pygargus
Cape eland Kaapse eland Tragelaphus oryx

Caracal Rooikat Caracal caracal

Common blesbuck

Gewone bhlesbok

Damaliscus pygargus phillipsi

Common genet

Kleinkolmuskeljaatkat

Genetta genetta

Common reedbuck

Rietbok

Redunca arundinum

Common tsessebe

Basterhartbees

Damaliscus lunatus lunatus

Common warthog

Vlakvark

Phacochoerus africanus

Copper springbuck

Koper springbok

Antidorcas marsupialis

European bush pig Europese bosvark Sus scrofa

Fallow deer Gewone takbok Dama dama

Gemsbok Gemsbok Oryx gazella

Giraffe Kameelperd Giraffa camelopardalis

Golden wildebeest

Goue wildebees

Connochaetes taurinus

Greater kudu

Kaapse koedoe

Tragelaphus strepsiceros

Grey rhebuck

Vaalribbok

Pelea capreolus

Impala

Rooibok

Aepyceros melampus

King springbuck

Koning springbok

Antidorcas marsupialis

Kalahari springbuck

Kalahari springbok

Antidorcas marsupialis

Lion

Leeu

Panthera leo

Mountain reedbuck Rooiribbok Redunca fulvorufula

Mountain zebra Berg zebra Equus zebra

Nyala Njala Tragelaphus angasii

Plains zebra Vlakte sebra Equus quagga

Porcupine Ystervark Hystrix africaeaustralis

Red hartebeest Rooi hartebees Alcelaphus buselaphus caama
Red lechwe Rooi lechwe Kobus leche

Roan antelope

Bastergemsbok

Hippotragus equinus

Sable antelope

Swartwitpens

Hippotragus niger

Saddleback blesbuck

Saalrug blesbok

Damaliscus pygargus phillipsi

Serval Tierboskat Leptailurus serval

Waterbuck Waterbok Kobus ellipsiprymnus

White blesbuck Wit blesbok Damaliscus pygargus phillipsi
White springbuck Wit springbok Antidorcas marsupialis
Yellow blesbuck Geel blesbok Damaliscus pygargus phillipsi
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Vacuum Pumps | Leak Detectors | Vacuum Chambers | Turbo Pumps

First-Class Service for High-Quality Products

We understand your expectations for long service life of vacuum components and minimal downtimes.
At Pfeiffer Vacuum, we meet these needs with high-quality products and exceptional service.

Our comprehensive service offerings include

Extensive support by our skilled service technicians

=  Commissioning of components and systems

Overhaul and maintenance, including beanng replacement or repair
Leak detection and gas analysis

-

Contact the Busch Group

sales@busch.co.za P F E I F F E R

T +27 11 856 0650

VAGHUN "REERE

www.pfeiffer-vacuum.com
¥

www.busch.co.za
Your Success. Our Passion.
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Organizing Committee

Prof Richard Harris UFS Chairperson

Prof Hendrik Swart UFS Plenary and Invited Speakers
Prof Koos Terblans UFS Logistics and Sponsors
Prof Ted Kroon UFS Website and sponsor adverts
Prof David Motaung UFS Abstracts

Prof Liza Coetsee UFS Book of Abstracts

Dr Mart-Mari Duvenhage UFS Program, graphic design
Dr. Lucas Erasmus UFS Sponsors

Prof Japie Engelbrecht NMU Plenary and Finance
Prof Andre Venter NMU KIC grant

Prof Ernest van Dyk NMU Sponsors

Prof Walter Meyer UP Sponsors

Dr Jackie Nel UP Sponsors

Mr. Johan van Rensburg UP Abstracts and Sponsors

UFS: University of the Free State; NMU: Nelson Mandela University; UP: University of Pretoria.

SAIP: The committee was assisted by the Office of the South African Institute of Physics,

particularly Brian Masara and Tebogo Mokhine

Sponsors

CB van Wyk Family Trust

ufs.ac.za/natagri/departments-and-

divisions/physics-home

NMU Dean of Faculty

science.mandela.ac.za/

UFS Dean of Faculty

ufs.ac.za/natagri/

Vacutec

vacutec.co.za

Busch Scientific

busch.co.za

AC Scientific

ac-scientific.com/en/

PV Insight

pvinsight.co.za

National Research Foundation:
Knowledge, Interchange and
Collaboration — KIC (Local Events
support grant)

nrf.ac.za
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CB van Wyk Family Trust

A Visionary Whose Legacy Lives On
In 1953, two professors from the University of the Free State envisioned organizing a
Physics Conference in South Africa. Prof. C.B. van Wyk (Applied Mathematics) and Prof.
J.H.N. Loubser (Physics) reached out to 27 scientists to gauge interest and feasibility. The
response was overwhelmingly positive, leading them to contact Dr. Ernest Marais, head
of the National Physical Laboratory.

On 17 August 1953, a meeting was held, and the provisional committee of the “South
African Institute of Physics” decided to host a conference in Pretoria in July 1954. Prof.
Van Wyk and Prof. Loubser continued inviting physicists to attend and discuss the
establishment of the Institute for Physics.

Prof. Van Wyk’s vision played a pivotal role in founding the South African Institute of
Physics, which celebrates 70 years of growth and success this year. His enduring legacy
lives on through the CB van Wyk Gesinstrust, which continues to sponsor plenary
speakers and student prizes at this conference.
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9 \y v, Message from the SAIP President

(South African Institute of Physics)

Message for SACPM 2025

A measure of the success of a specific research field is often found in the dedication and
persistence with which practitioners in the field strive for excellence in their work. Using this
measure, the members of the Division for Physics of Condensed Matter and Materials and the
Applied Physics Division of the South African Institute of Physics (SAIP) can take great pride and
satisfaction in the hosting of the 10th South African Conference on Photonic Materials
2025 (SACPM 2025) taking place from 7 — 11 April 2025 at Amanzi Private Game Reserve, Free
State, South Africa.

The conference brings together South African and international scientists who are working on
various topics in the field of photonic materials. | particularly welcome the invited speakers,
many from highly regarded international institutions, and wish to thank you for your attendance
and willingness to share knowledge and ideas. Any research field is heavily dependent on this
type of cross-pollination and stimulation for continued excellence and internationalrelevance in
its outputs.

I would like to thank the organisers for the great deal of hard work that goes into hosting such a
conference and | know that all the delegates will present excellent oral and poster contributions.
These contributions will be published in Physica Status Solidi A, which is important to document
progress and highlight novel findings.

| wish all delegates a productive and inspiring time at SACPM2025!

With best regards

Bedrljh Somsmus

President: South African Institute of Physics (SAIP)
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NELS®N MANDELA

UNIVERSITY

Department of Physics

Electron Microscopy for
Materials Research
The Centre for High Resolution Transmission Electron

Microscopy (Centre for HRTEM) at Nelson Mandela University

houses four state-of-the-art electron microscopes including
the only aberration-corrected atomic resolution electron

microscope in Africa. The wide range of research projects and

MSc and PhD topics include:

HRTEM and in situ HRTEM investigation of nanopartide
catalysts

Irradiation damage and fission product transport in
nuclear reactor materials

Corrosion resistant nuclear reactor matenals

Refining of weldability limits of creep-aged power plant
stainless steel

Lifetime assessment of high value power plant
components

Characterisation of diamond, Pt, Ti and Al alloys,
compound semiconductor structures and gold and
platinum bearing ores

Prof Jaco Olivier

E jaco.olivier@mandela_ac za

Semiconductor Materials

Development

This research focuses on vapour phase and solution-based
deposition of semiconductors for opto-electronic devices.

The Physics Department has unique equipment for the
synthesis and characterization of semiconductor thin films
and nano-structures, including a state-of-the-art reactor for
compound semiconductor deposition.

We currently develop:
» Epitaxial InAsSb and related compounds for infrared
detectors
ZnO nanorods for high efficiency white LEDs and
hybrid solar cells
¢ Nanostructured TiO2 for solar water splitting

Our active collaborations with several local and overseas
universities over many years, including groups in Sweden,
Germany and the UK, have forged excellent academic links.

For information on these exciting research topics contact:

Prof Reinhardt Botha
E reinhardt_botha@mandela.ac.za
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Message from the SACPM 2025 Chairman

Dear Esteemed Delegates,

It’s a true pleasure to welcome you to the 10th South African
SACPM 2025 Conference on Photonic Materials. This is a big moment for all of us
in the scientific community, and I’m excited to share it with you. As

we celebrate this milestone, it’s a great time to reflect on how far we’ve come in the world
of photonics, and how much it’s impacting industries from telecommunications to
healthcare to energy. This conference is a fantastic opportunity for us all to connect,
share ideas, and collaborate in ways that will shape the future of photonic materials and
technologies.

Looking back over the last decade, we've seen some truly groundbreaking
developments—whether it’s new nanomaterials or advancements in quantum optics,
these innovations have made a real difference. It’s amazing to see how diverse and
interdisciplinary this field has become. The variety of topics and expertise here is a
reminder of how much more we can achieve when we work together, and I’m excited to
see what we’ll discover over the course of this event.

As we gather in April 2025, | want to highlight something that brings us all here today:
curiosity. It’s our shared curiosity—our desire to explore, understand, and create—that
drives us to solve big challenges and build a better world for everyone. It’s what pushes
us to make things that not only move science forward but also improve lives across the
globe. So, | encourage you to embrace the many networking opportunities here, and to
engage with your fellow delegates. These conversations and collaborations are what fuel
progress and inspire us to do even greater things together.

Before | close, | want to take a moment to thank everyone who’s made this event
possible—our organizing committee, our sponsors, and all the hardworking individuals
who’ve contributed to making this conference a reality. I’m truly looking forward to an
inspiring week of conversations and ideas, and | have no doubt that the connections we
make here will lead to exciting new discoveries and collaborations in photonics.

Warm regards,
Beckord) Farre

Chairman, South African Conference on Photonic Materials - 2025
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PV MODULE TESTING &
INSPECTION SERVICES

For All Your Quality Testing Needs

About Us

PVinsight is a SANAS accredited Photovoltaic module testing laboratory offering a range of testing
solutions from pre-/post installation to regular inspections for long-term needs. Tests can be
performed on entire shipments or just a sample of modules.

Services

In-Lab Tests
| S e We conduct testing of photovoltaic modules
o ey according to IEC 61215 international standard

as well as our in-house procedures.

On-Site Tests
% @ Testing services are available on-site in order to
verify performance and determine module

failures and degradation.

Why Choose Us?

We provide you with valuable insight into the performance of your PV modules.
This allows you to:

{3 Achieve maximum plant performance /N Detect and analyse premature failure

Q, Identify under-performing modules @ Improve your return on investment

li; Analyse degradation of PV Modules

Oh=0)

(© +271(0) 41 504 1735 fSanaS

@- 5 (@) PVinsight RSA
VISIT OUR WEBSITE i
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NELS®N MANDELA

UNIVERSITY

Department of Physics

Photovoltaics

Sustainable Energy for the Future

The Photovoltaics Research Group focusses on the

characterisation of Photovoltaics (PV) materials, devices and

systems. The fadilities indude:

» Photovoltaic Research Laboratory (PV Lab) for advance
solar cell and PV module characterisation

*  Outdoor Research Fadlity (ORF) for PV module and
system monitoring and characterisation

e 1SO17025 accredited Photovoltaic Test Laboratory
(PVTL) — PVinsight (Pty) Ltd

The following Applied Physics skills are also acquired:

* Advance solar cell and PV module characterisation and
evaluation

» Data acquisition an analysis, including curve fitting and
parameter optimisation

* LabView programming and computer interfacing

* Data acquisition system design

For further information on student projects please contact
the PVRG.

Prof Emest van Dyk
E emest.vandyk@mandela.acza

Optical Fibre Telecommunication
Research

Escalating bandwidth demands fuelled by smartphones,
tablet computers, social media and cdoud computing makes
Telecommunications an extremely challenging and rewarding
field.

Nelson Mandela University has one of the best equipped
Optical Fibre Research laboratories in Africa.

We offer an exciting range of MSc and PhD projects featuring:
Dispersion measurement, compensation and emulation
Fibre-to-the-home (FTTH) technologies
Square Kilometer Array related optical fibre topics
Polarization effects, wavelength division multiplexing,
non-linear effects
Modelling and simulation, OTDR, fusion splicing,
bit error rate testing

The Optical Fibre Research Unit is part of the Telkom-
sponsored Centre of Excellence.

Scholarship opportunities are available for good, motivated
students.

Dr David Waswa
E david. waswa@mandela.acza

10™ South African Conference on Photonic Materials - Amanzi 2025
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ol o WHAT WE HAVE TO OFFER!

Vacutec, supplier of High vacuum & Ultra High
Vacuum products to laboratories throughout South
Africa. Just to name a few, we are agents for
Agilent, MKS, lontof, Kratos & Fisher Scientific.

We Specialize in the Following:
Custom Vacuum Systems
Vacuum Pumps
Vacuum Fluids
Mass Flow Controllers
Vacuum Gauges, fittings, flanges & Valves
Servicing of vacuum pumps, Biosafety Cabinets,
Freeze Dryers, Ultra-Low Freezers & more

@ mks

Technology for Productivity

A ISPATOS

A SHIMADZU GROUP COMPANY

() fisher scientific

part of Thermo Fisher Scientific

CONTACT US FOR MORE INFO e 011 4751823 sales@vacutec.co.za
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T: +27514012531 | E:VDBergE@ufs.acza | www.ufs.acza

Inspiring excellence, transforming lives V | l N 1 O UNIVERSITY OF THE UFS
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Plenary Speakers

Alexander M. Heidt

Institute of Applied Physics, University of Bern,
Switzerland

“Silica  optical fibers functionalized  with
nanoparticles and quantum materials” (page 21)

Alexander Heidt studied Physics at the University of
Konstanz (Germany) before completing a bi-national PhD
degree at the University of Stellenbosch (South Africa) and
\ the University of Jena (Germany) in 2011. After

Worklng as Marle Curle Research Fellow at the Optoelectronics Research Centre in
Southampton, UK, and founding a craft beer brewing company in Mexico, in 2019 he received
a prestigious Eccellenza Professorship at the Institute of Applied Physics, University of Bern
(Switzerland), where he was recently appointed Full Professor and head of the Laser Physics
Group. His primary research interests revolve around shaping the temporal and spectral
properties of light using nonlinear light-matter interactions, specialty optical fibers with novel
functionalities, and dual-frequency comb technology with its applications in ultrafast imaging
and spectroscopy.

Andrey Turshatov
Institute of Microstructure Technology, Karlsruhe
Institute of Technology, Germany

“Bright Ideas: How Luminescent Tracers Improve
Plastic Recycling, Energy Conversion, and
Counterfeit Detection” (page 30)

Andrey Turshatov is a group leader at the Karlsruhe Institute
of Technology (KIT) in Germany. He received his PhD in
polymer chemistry from the Nizhny Novgorod State
University in Russia. Following his doctorate, Dr Turshatov

carried out postdoctoral research at the Technical University of Clausthal, where he used
fluorescence methods to study polymer coatings, and at the Max Planck Institute for Polymer
Research, where he focused on photon upconversion processes. At KIT, Dr Turshatov leads a
research group working on a wide range of topics, including the chemistry and photophysics
of both organic and inorganic luminescent materials and the development of innovative
photocatalytic systems for water purification. His recent research interests have expanded to
include the application of phosphor materials as luminescent tracers in next-generation plastics
sorting technologies, a promising approach to improving recycling efficiency.
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Bice S. Martincigh
School of Chemistry and Physics, University of
KwaZulu-Natal, South Africa

“Carbon-based materials for third- generation
solar cells” (page 42)

Bice Martincigh attended the University of Natal where she
obtained her B.Sc.(Hons) and Ph.D. degrees. She taught at

T Natal Technikon before joining the University of Natal
3 \{} (now University of KwaZulu-Natal) where she currently
holds the post of Professor in Phy5|cal Chemistry. She has held Visiting Professorships at West
Virginia University, the University of Wales in Cardiff, Portland State University and the
Gandhi Institute of Technology and Management (GITAM) in India. She served as President
of the South African Chemical Institute (SACI) from 2015 to 2017. She is a recipient of the
University’s Distinguished Teacher Award and the SACI Merck medal. She has been elected
as a Fellow of SACI, Royal Society of Chemistry (RSC), International Union of Pure and
Applied Chemistry (IUPAC), and the Royal Society of South Africa, and as a member of the
Academy of Science of South Africa (ASSAf). Her research encompasses the application of
physical chemistry principles to solve problems related to health or the environment. In doing
so she has investigated the photochemical behaviour of the absorbers used in sunscreen and
cosmetic preparations to prevent reddening of the skin, and the application of nanomaterials
for energy or wastewater remediation either through adsorption or photocatalysis. She is also
involved in projects investigating environmental contamination caused by PAHs, PCBs and
flame-retardant chemicals. She has successfully graduated 30 PhD and 29 MSc students. For
many years she was involved with the organization of the annual FFS Expo for Young
Scientists, where high school pupils exhibit projects they have undertaken, are judged and
prizes are awarded. She is also one of the magicians in the annual SACI KZN Magic Show.
Currently, she is one of the mentors for the South African team to the International Chemistry
Olympiad (IChO). These initiatives aim to foster and develop an interest in science among our
school learners.
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Invited Speakers

Nas Per-Olof Holtz
Polar Light Technologies AB, Sweden

“Towards smaller, brighter and more efficient micro-
LEDs” (page 48)

Prof. Holtz is currently employed at Polar Light Technologies
AB, Linkdping, Sweden and he is also an Emeritus professor at
the Department of Physics, Chemistry and Biology (IFM),
Linkdping, Sweden. His fundamental research work focuses on
optical characterization of different semiconductor-based
quantum structures. He has experience in SiGe, ZnSe/Te/S,
InGaAs/GaAs and InGaN/GaN/AIGaN material systems with
his present focus being on the nitride system. His work was applied in InGaAs/GaAs quantum
structure based infrared detectors and InGaN/GaN quantum structure based micro-LEDs. His
research contributions include about 530 publications accepted at international conferences and
published in scientific journals. He is the author of a book: “Impurities Confined in Quantum
Wells, Springer Verlag, 2004”. He was program director for the NANOPTO SSF program:
“Quantum Wires/Dots for Optoelectronics”, 2000-0 and for the NANO-N SSF consortium:
“Nitride Based Quantum Wires and Dots for Optoelectronic Devices”.

Bryce S. Richards
Institute of Microstructure Technology, Karlsruhe
Institute of Technology, Germany

“Broadband spectral conversion and light
management for next generation greenhouses”
(page 28)

Bryce Richards studied physics at the Victoria University
of Wellington (New Zealand) before completing a
Masters and PhD in electrical engineering at University
of New South Wales (Australia), in 1998 and 2002, respectively. He worked at both UNSW
and the Australian National University. In 2006, he joined Heriot-Watt University (Edinburgh,
U.K.) as a lecturer, being promoted to full professor in 2008. Since 2014 he is co-director of
the Institute for Microstructure Technology (IMT) and Light Technology Institute (LTI) within
the Karlsruhe Institute of Technology (Germany). His primary research areas lie in third
generation photovoltaics (including perovskite solar cells), spectral conversion (up- and down-
conversion), luminescent materials, light management, and solar-powered water treatment
systems.

19
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Ruediger F Loeckenhoff
AZUR SPACE Solar Power GmbH, Germany

“3 Junction and 5 Junction Solar Cells in
Concentrating Photovoltaics (CPV) Systems:
Considerations, Simulations and Field Studies”
(page 46)
Ruediger F. Loeckenhoff studied physics at the University
of Konstanz and received his first degree for the
development of monolithically interconnected modules
MIMs at Fraunhofer Institute for Solar Energy Systems ISE,
Freiburg in 2003. His PhD thesis continued this work by addressing water cooled dense array
solar cells and modules in a wider scope. Since 2007 he has been working at AZUR SPACE
Solar Power on various kind of concentrating photovoltaics (CPV) system, projects, cells and
systems including central receiver systems with dense array modules and point focus Fresnel
modules. His expertise comprises I1I-V solar cell processing, CPV system design,
measurement, simulation, and field monitoring, as well as more recently measurement
hardware and robotics for automation.

Thomas Lippert
PSI Center for Neutron and Muon Sciences,
Switzerland

“Pulsed Laser Deposition for Energy

Materials” (page 37)

Thomas Lippert studied Chemistry at the University of
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Silica optical fibers have revolutionized technology, enabling global high-speed communication and applications
in sensing, medical surgery, and nonlinear optics. While telecommunications prioritize ultra-low loss, emerging
technologies explore specialty fibers functionalized with dopants like rare-earth metals, semiconductors, and
nanoparticles for enhanced optical and optoelectronic properties.

In this work, we present a novel laser-assisted preform manufacturing method for rapidly prototyping high-quality
functionalized silica fibers [1]. The laser vitrification process generates an ultra-thin heat blade, allowing precise
heat localization and the integration of heat-sensitive dopants. Using this technique, we demonstrate the first direct
doping of silica fibers with nitrogen-vacancy fluorescent nanodiamonds (Fig. 1), enabling single-photon quantum
emitter integration into existing optical networks.
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Fig. 1. Linear characteristics of the developed fiber and its preform: a) Mode field diameter and mode field
area, b) attenuation, c) chromatic dispersion of the nanodiamond-silica fiber labelled NV4A1 compared with
the SMF-28 fiber dispersion, d) vitrified preform disk-slice image (5%2 mm), e) NV color center
fluorescence of the nanodiamonds embedded in the silica glass.

Additionally, we show that nanoparticle doping offers a new approach to controlling the nonlinear Kerr effect in
silica fibers, where the refractive index depends on light intensity, impacting applications in ultrafast photonics
and biophotonic imaging [2]. Nanodiamonds are particularly promising as they can exhibit a negative nonlinear
refractive index (n2), which could potentially reduce or even neutralize the positive Kerr nonlinearity of silica
glass. However, their low dissociation temperature (~600 °C) has historically limited their use in silica fibers.

The laser-assisted vitrification approach overcomes this barrier, enabling the first fabrication of optical-quality
silica fibers with embedded nanodiamonds. The ND-doped fibers exhibit a reduced n, value while maintaining
sufficiently low attenuation for nonlinear characterization. This breakthrough advances fiber-based nonlinear
optics and quantum photonics, paving the way for novel ultrafast and quantum optical devices.
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1. Introduction

Liquefied petroleum gas (LPG) production is imperative in the global energy mix. Despite being a clean energy
source, it possesses flammable and explosive properties [1]. Hence, its efficient and reliable detection is crucial
for ensuring safety in both industrial and domestic environments. For decades semiconducting metal oxides
(SMOs) have been investigated in gas-sensing devices to detect toxic and explosive gases [2]. Many strategies
have been explored to improve their sensing performance, especially lowering their operating temperature for
better energy efficiency. Among these, noble metals-decoration on the sensing material can reveal the effective
gas sensing capability at low temperatures [3]. The primary cause of this is the combination of the noble metals’
catalytic nature and efficient electron transfer between the sensing surface and the target gas [3]. Thus, herein, we
investigate the gas-sensing properties of Cos04/rGO decorated with different noble metal (Ag, Ru, and Pd)
nanoparticles at 1 wt% towards LPG gas-sensing applications.

2. Results

The successful decoration of various noble metal nanoparticles was confirmed by transmission electron
microscopy (TEM), elemental mapping, and X-ray photoelectron spectroscopy (XPS). Using Tauc's relation, the
band gap energy (Eg) was estimated from absorbance measurements (Fig.1(a)). The band gap value of pure
Co0304/rGO was ~1.63 eV whereas the band gap of the Ag, Ru, and Pd decorated heterostructures were found to
be 1.94, 1.71, and 2.16 eV, respectively. This was indicative that the introduction of metal nanoparticles created
new hybridized states that tuned the Eq [4] These new states facilitated charge transfer, i.e. removal of electrons
and the creation of holes, resulting in a wider Eg. The conductivity of p-type SMOs, such as Co304, is governed
by holes in the valence band, thus the wider Eg due to metal nanoparticles enhanced the conductivity of the
prepared sensors. The 1 wt% Pd-Co3;04/rGO-based sensor revealed enhanced sensitivity and selectivity towards
LPG at lower temperatures, which is observed in Fig. 1(b). Pd exhibited better sensing performance followed by
Ag and lastly Ru. This may be due to the superior catalytic activity of Pd. The excellent gas sensing properties
were influenced by the chemical state, the amount of dispersion, and new electron pathways of Pd nanoparticles
decorated onto the Co304/rGO surface.
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Fig. 1(a): UV-Vis absorbance spectra, and (b) Dynamic resistance curves of decorated
sensors towards LPG at 70 °C
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1. Introduction

The challenges of introducing a cheap and proper hole transport layer (HTL) for thin film solar cells drew a lot of
attention in recent years [1,2]. The importance of these layers includes the hole extraction facilitation as well as
the blocking of the electron flux [2]. As an example, the available commercial Spiro-OMeTAD is quite expensive
for cost-effective thin-film solar cells. An alternative is to introduce p-type metal oxide materials such as NiO thin
films. NiO has a cubic structure (space group Fm3m (225)) [3] with a wide band gap (3.6 — 4 ¢V) [4]. Whereas,
the stoichiometric NiO is considered an insulator (>10'3 Q.cm) [4], its resistivity can be lowered by introducing
monovalent atoms such as lithium, nickel vacancies, and/or interstitial oxygen [4]. It is considered an excellent
candidate as an HTL due to the transparency in the visible region as well as having a large work function [5].

2. Results

The pulsed laser deposition method (266 nm Nd-YAG laser) was utilized to prepare different NiO thin films at a
laser energy of ~37 mJ. The deposition was kept neutral without heating the substrate or post-deposition heat
treatment, with a Ni metal target for deposition under different oxygen pressures. The structural information
confirmed the formation of cubic NiO films through X-ray powder diffraction. Additionally, the compositional
analysis was examined with X-ray photoelectron microscopy (XPS) (fig. 1) with a clear assignment of Ni 2p peaks
[6]. The lowest recorded sheet’s resistance was for the film deposited at 25 mTorr (Fig. 2).
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Fig. 1: XPS fit for the sample deposited at 30 mTorr. Fig. 2: I-V curves of different NiO thin films.
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1. Introduction

The ternary semiconductor alloy AlxAl1«As is used in high electron mobility transistors (HEMT) [1], high-speed,
high-frequency microwave devices [2], quantum well-infrared photo detectors [3], and other electro-optic devices.
The refractive index of the utilized alloy of Al,Gai-xAs must thus be known to design the specific devices with
given optical properties.

The use of infrared reflectance and the parallel-plate interference formula is well-established as a means of
determining the thickness of an epilayer on a substrate [4]. The formula requires the refractive index n at the
relevant wavelength A. In the case of ternary semiconductor alloys, the refractive index is a function not only of
the wavelength A, but also the mole fraction x of the alloy [5]. A relationship has been shown to exist between
the refractive index and the band gap Eq of a semiconductor [6], as well as between the band gap and the mole
fraction x [7]. Determination of the band gap Eg4has been shown to be obtained from the point of inflection of an
infrared reflectance spectrum [8], and thus the mole fraction x of the sample being investigated.

In the case of AlAsixAs, two formulas for the calculation of the refractive index n were previously proposed by
Afromowitz [9] and Adachi [10]. The present investigation reports on the use of the two theoretical equations for
which the refractive index of AlAlxAs samples (having various values for x) were determined in the infrared
range. The as-determined values of n were used for the subsequent calculation of the epilayer thicknesses.
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Fig. 1: Infrared reflectance spectrum, indicating the position of the Fig. 2: Refractive index as function of wavenumber and Al
band gap, as well as interference fringes. mole fraction x = 0.4 from Afromowitz and Adachi formulas.
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1. Introduction

Transparent conductive oxide (TCO) thin films are of significant interest due to their importance in commercial
applications. These materials have been used in devices, such as displays, electronics, and energy devices for their
visible transparency, while still being electrically conductive [1]. Indium tin oxide (ITO) films are currently the
most widely used TCO, making up close to 90 %. ITO has been adopted in electronic applications due to its wide
transparency in the visible region of more than 85 %, while having a high electrical conductivity, and charge
carrier concentration. However, indium resources are of great concern due to their increasing scarcity, resulting
in a limited supply and high cost. Therefore, it is desirable to develop cost-effective alternatives to ITO. Early
reports showed that Sr\VOs thin films with a thickness of 12 nm displayed a resistivity comparable to that of ITO
with a transparency of 80 % in the visible region [2]. More importantly, the cost of the raw materials is
significantly lower than that of ITO.

In this study, SrVOs thin films were prepared using spin coating. The strontium-vanadium solution used for spin
coating was prepared by combining equal quantities of 0.2 M strontium solution and 0.2 M vanadium solution.
The 0.2 M strontium solution was obtained by dissolving strontium acetate in distilled water, and the 0.2 M
vanadium solution was prepared by dissolving vanadium acetylacetonate in distilled water containing 10 %
ethanol. Additionally, two different treatment techniques were carried out on the glass substrates to improve the
wettability. The first method was through hydrolysis, where the glass substrate was placed in a 200 mL
hydrothermal reactor containing 70 mL of distilled water and heated for 24 h at varying temperatures. The second
method was through immersion of the substrate in 40 mL of 5 mM KMnO. solution containing 0.4 mL of
methanol. The coating parameters were constant for all substrates: rotation speed (2000 RPM), ramping rate (500
RPMY/s), spin duration (30 s), solution volume (100 L), substrate size (25 mm x 25 mm), and drying (70 °C, 1
min).

2. Results

For the best possible adhesion, the surface tension of the liquid should ideally be less than that of the surface free
energy of the substrate, which can be observed by a decrease in the contact angle of the liquid on the substrate.
Fig. 1 shows the effect of wettability on untreated and treated glass substrates. Compared to the untreated
substrate, the treated substrates showed a significant decrease in the contact angle of the 50 pL water droplet,
indicating an improvement in the substrate’s wettability. Fig. 2 shows the high-resolution transmission electron
microscope (HR-TEM) bright field image along with an energy X-ray dispersive spectroscopy (EDS) map of the
thin film layer. From the micrograph, the thin film thickness was found to be 14 nm, and the EDS map showed
that the elements of interest, vanadium, and strontium were uniformly distributed across the film.

Untreated glass Hydrolysis - 110 °C Hydrolysis - 130 °C

30°

Fig. 1: Contact angle of 50 uL of water on untreated and treated  Fig. 2: HR-TEM bright field micrograph with EDS mappings of the
glass substrates. thin film cross-section on a hydrolysed substrate.
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1. Introduction

Rare earth ions (RE®*) doped nanophosphors have emerged as materials with great potential in light-emitting
diode (LED) manufacturing [1]. This work presents a study on CaAl,O4 doped with Y3* and Er®*, respectively.
The concentration of 0.1 mol% Y3* has been chosen based on prior knowledge, experimental considerations, and
the desire to explore a specific range of dopant concentrations for the purpose of understanding and optimizing
the structural and optical properties of the synthesized material. Hence in this study, we are presenting for the first
time the visible luminescence of CaAl,O4 phosphor co-activated by Er3* synthesized using the citrate sol-gel route.
Therefore, this present study aims to thoroughly examine the effect of Er3* co-doping on CaAl,04:0.1 mol% Y3*,
X mol% Er®* (0 < x < 2.4) to gain a comprehensive understanding of the material properties of CaAl,04. The
primary objective is to develop more promising oxides for various applications. Our results suggest that this
phosphor has the potential for application in lighting where blue-emitting phosphors are desired.

2. Results

The citrate sol-gel was successfully adopted to synthesize CaAl,04: 0.1 % Y3, X % Er®* (0 < x < 2.0) samples.
The X-ray diffraction (XRD) peaks appear well-defined and sharp, indicating a high level of crystallinity.
Furthermore, the patterns verified that each sample exclusively comprised the monoclinic CaAl,O4 structure,
indicating the presence of a single phase in all samples. The Rietveld analysis confirmed that all the samples
consist of a single phase, and the unit cell dimensions of the host are a = 8.748 A, b =8.093 A, ¢ = 15.15 A, and
a=1v=90° B =90.029° The EDS confirmed the expected elemental composition. SEM revealed that the
introduction of dopants causes a change in the morphology of the synthesized nanophosphor. UV-vis results
showed that the optical bandgap (Eg) can be tuned between 4.93 — 5.44 eV by increasing the concentration of Er®",
The PL shows the presence of the host and Er®* which are at 417, 440, 467, 522, 546, 557, and 568 nm
corresponding to the oxygen vacancies and the Er®* transitions. The Commission Internationale de 1’Eclairage
(CIE) shows that the emission colour can be tuned from greenish blue to yellowish green by varying the
concentration of Er®*,
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1. Introduction

Currently, the increasing demands for low-cost, energy-saving, high-efficiency, and durable lighting devices have
attracted the attention of researchers to develop new phosphor-converted LEDs that can effectively be excited in
the blue, near-ultraviolet and ultraviolet range [1-2]. In particular, white light-emitting diodes (w-LEDs) are now
rapidly replacing the traditional incandescent, fluorescent, and discharge lamps because of their highly desirable
characteristics [3]. A lot of attention has been given to Zinc-based vanadates doped with the trivalent rare-earth
(RE) ions due to their unique luminescence properties under UV and near-UV excitation for different potential
applications in lighting devices. In this study, we have chosen Zns(VVOa): as the host matrix due to its self-emitting
property in the yellow region. This study reports the luminescence and surface properties of the Zns(VOa), doped
with varying concentrations of Eu®* synthesized by combustion method. These properties of this phosphor are
considered to explore their importance in solid-state lighting and LED displays based on near-UV (300—400 nm)
LED chips.

2. Results:

Fig. 1 shows the emission spectra of the Eu* doped Zn3(\VOs), phosphors excited at 397 nm. The spectra consist
of a broad band from 400 to 800 nm and four sharp peaks at 593 nm, 613 nm, 655 nm, and 699 nm. The broadband
arises due to the charge transfer of an electron from the oxygen 2p orbital to the vacant 3d orbital in the tetrahedral
VO, with Tq symmetry in the host matrix, whereas the sharp peaks at 593 nm, 613 nm, 655 nm, and 699 nm
correspond to *Do—'F1, *Do—'F», °Do—'F3 and °Do—'F, transitions of Eu* ions, respectively. The spectra also
depict that the intensity of the sharp peaks corresponds to the Eu®* ions increases with the increase in Eu®* ions
concentration. Luminescence is very much related to the surface of the material; hence surface properties of the
synthesized materials have been investigated. The X-ray photoelectron spectroscopy (XPS) survey scan spectrum
of the phosphors is presented in Fig. 2. The spectrum confirms the presence of all the elements (Zn, V, O, Eu) of
the phosphor on the surface of the material. The corresponding XPS peaks are indexed along with the Auger peaks
corresponding to their binding energies.
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Summary

In today’s agriculture, greenhouses play a key role in realising the security of the global food supply. Year-round
crop production is enabled — even in extreme climates — via their controlled environment. Greenhouses feature
strongly in the food-energy-water nexus, seeking to utilise advanced technologies that optimise resource use. One
example of this is the drastically reduced water consumption, which in some cases can be up to 90% less than
open-field farming. With the global population projected to be more than 9.7 billion by 2050, greenhouses are
important for feeding these hungry mouths and realising sustainable agriculture. Currently, it is estimated that
greenhouses occupy about 1.2 million acres of agricultural land in 130 countries around the world — convincing
evidence of the level of adoption of the technology and its role in modern food systems.

Traditional greenhouses are made of either i) metal frames with glass walls and ceiling; or ii) simpler plastic
materials formed into what is known as a polytunnel. More advanced greenhouses now implement climate-control
systems, which are very energy-intensive, indeed their environmental footprint is strongly impacted by this. More
recent advances in greenhouse technology have aimed to further improve their performance. For example, the use
of agri-photovoltaic systems can enable electricity generation and, at the same time, crop cultivation — ideally
while land-use efficiency is optimised. In addition, spectral-conversion (luminescent) materials are able to boost
the rate of photosynthesis — and thus plant growth — by converting the underutilised wavelengths in the solar
spectrum — predominantly in the ultraviolet and green — into wavelengths that are more useful plants, i.e. matching
better the photosynthetically active radiation (PAR) spectrum. Recent advances in passive daytime radiative
cooling allow for improved thermal management to passively dissipate heat, minimising the reliance on electrical
cooling/ventilation systems. Finally, novel water harvesting systems that rely on advanced materials and designs
can enable moisture to be captured directly from the atmosphere, assisting with meeting water scarcity challenges.
Altogether, these advances demonstrate significant potential for the next-generation of greenhouse technologies
that can assist in overcoming traditional limitations, whilst enabling food production in a more sustainable and
resource-efficient manner.

Plant growth is affected by four key factors: i) light — spectrum, intensity, and the level of diffusivity; ii) water
availability, including moisture in the air and soil); iii) the temperature — again, both in the air and in the soil; and
iv) the levels of carbon dioxide (CO;) concentration inside the greenhouse. These factors are all strongly
interlinked and combine to impact plant growth and productivity. A key goal for next-generation greenhouses is
to achieve net-zero energy (NZE) consumption. This currently poses a major challenge due to the energy
consumption needed for the regulation of the greenhouse microclimate. Additionally, one also needs to avoid
competing for the same resource, e.g. photosynthesis and photovoltaics both require space and access to sunlight.
Here, compromises must be avoided, and synergies need to be found. To achieve this, a transdisciplinary effort is
required to pave the way toward developing next-generation NZE greenhouses. This paper will discuss the
opportunities and challenges for next-generation greenhouses.
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Over the past few decades, lanthanide-activated materials have attracted considerable attention from researchers
worldwide. Extensive studies have explored their synthesis protocols, as well as their structural, morphological,
and luminescence properties. This growing interest stems from their broad range of industrial applications,
including phosphors for light-emitting diodes, lasers, scintillation materials, and luminescent tracers in medicine.
In this work, | present a critical analysis of unconventional (UC) and short-wave infrared (SWIR) light
applications of lanthanide-based materials, focusing on their emerging roles as markers for plastics recycling2
and spectral conversion materials in photovoltaics®#l. These novel applications highlight the expanding potential
of lanthanide-based materials in advanced sustainable technologies.
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1. Introduction

Calcium magnesium vanadate (CasMg4(VQa)s) (CMV) is a self-activated phosphor, has a broad emission in the
400-700 nm region of the electromagnetic spectrum and benefits from a simple solid-state synthesis technique at
relatively low temperatures [1]. Calcium zinc vanadate (CZV) and CMV have received very little research
attention. To the best of our knowledge, the earliest study of the photoluminescent properties of CMV or CZV
was published in 2012, and since then, very little attention has been given to the materials [2] As of January 2025,
the number of search results for “CasMgs(VOa)s” and “CasZns(VOa)s” on Google Scholar, were 35 and 3,
respectively. The number of search results for the less common variations of CMV and CZV, namely,
“CasMgaVeO24” and “CasZnsVeO24” were 14 and 0, respectively. Among these total 52 search results, only 13
were studies focused on either CMV or CZV. The little research attention received by CMV and CZV provides
the opportunity to produce new information about the luminescent properties of the materials. The large Stoke’s
shift of these materials makes them ideal for fingerprint imaging, since this property is expected to result in low
interference from the exciting light source and high contrast of the latent fingerprint images. CMV and CZV
demonstrate excellent thermal stability and high stability in wet air atmospheres, making them ideal for the long-
term storage of latent fingerprints [3]. For this study, CMV and CZV will be fabricated using a solid-state reaction
and investigated for latent fingerprint detection.

2. Results

The XRPD patterns of CMV and CZV showed a cubic garnet structure with space group la-3d. CMV and CZV
were fabricated via solid-state synthesis at different temperatures. CMV was fabricated with reaction temperatures
up to 1100 °C. Temperatures above 900 °C were too high for the fabrication of CZV. Both CMV and CZV showed
a PL emission in the range of 400-800 nm, with a peak at 550 nm. The reaction temperature of 800 °C produced
the most intense peak for both CMV and CZV.
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Fig. 3: PL spectra of CasMga(VO,)s crystals synthesized Fig. 2: PL spectra of CasZny(VO)s crystals synthesized
with reaction temperatures of 700-1100 °C with reaction temperatures of 700-900 °C.

3. References

[1] K. Li, J. Liu, D. Mara, and R. Van Deun, “Synthesis and up-conversion luminescence properties of a novel Yb*, Er*" co-doped
CasMg4(VOs)s phosphor,” J Alloys Compd, vol. 737, pp. 767-773, Mar. 2018, doi: 10.1016/j.jallcom.2017.12.171.

[2] Y. Huang, Y. M. Yu, T. Tsuboi, and H. J. Seo, “Novel yellow-emitting phosphors of CasM4(VO.)s (M=Mg, Zn) with isolated VO,
tetrahedra,” Opt Express, vol. 20, no. 4, p. 4360, Feb. 2012, doi: 10.1364/0E.20.004360.

[3] A. S. Tolkacheva, S. N. Shkerin, K. G. Zemlyanoi, O. G. Reznitskikh, S. V. Pershina, and P. D. Khavlyuk, “Thermal and electrical
properties of CasMgs-xZny(VO4)s (0 <x <4),” J Therm Anal Calorim, vol. 136, no. 3, pp. 1003—1009, May 2019, doi: 10.1007/s10973-018-
7780-z.

32
10™ South African Conference on Photonic Materials - Amanzi 2025



Induced Structural Defects by Anion Doping of ZnO for Gas Sensing
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1. Introduction

ZnO is well well-known semiconducting metal oxide gas sensing material suitable for applications in several
fields. The good chemical stability, low cost, and ease of fabrication make it suitable for agricultural applications.
However, high operating temperatures, poor sensitivity, and selectivity still hinder its wide exploitation. This work
aims to improve the sensing properties of ZnO by inducing structural defects through anion doping. A
hydrothermal method was used to synthesize pure and suphur-doped- ZnO rods. The microstructure and
morphology were analysed using XRD and HRTEM. Optical properties and structural defects of the products
were studied using PL and EPR, while XPS was used for surface composition analysis.

2. Results

Fig. 1 shows the PL spectrum of the produced products after excitation at 325nm, which showed a substantial
emission in the range of 470-600nm. A structural disorder occurs with the incorporation of S dopant resulting in
an increase of defects at 0.5mol% of S [1]. The SEM images displayed in Fig. 2 (insert) show that the 0.5mol%
S-doped ZnO is composed of one-dimensional rod-like structures, which are tangled together. The gas sensing
results (Fig. 2) showed that the sensor based on 0.5% S-doped ZnO had an enhanced response of 14.2-90 ppm
ammonia at an operating temperature of 280°C. The improved sensing properties can be attributed to structural
defects induced by sulfur dopant which facilitate electron exchange during methanol oxidation [2].
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Fig. 4: PL emission spectra pure and S-doped ZnO products with Fig. 2: Transient response curves of the S doped ZnO based
insert of Gaussian fitting on the 0.5mol% S-doped ZnO product. sensors towards 90 ppm methanol at 280 °C and the

corresponding SEM micrograph of 0.5mol% S doped ZnO.
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1. Abstract

In this study, a series of samarium (Sm3*) doped silicate-based oxyapatite phosphors Ba;Lag(SiO4)s02:xSm3* (x
= 0.01-0.05 mol%) was synthesized through the conventional high-temperature solid-state method. Phase
confirmation was assessed using an X-ray powder diffraction (XRPD) analysis. Also, the photoluminescence
excitation (PLE) and emission (PL) spectra of the synthesized phosphors were studied in detail. The PLE and PL
spectra possess broadband peaks, with the most intense at 407 nm and 600 nm, respectively. The non-radiative
energy transfer process occurred via multipolar interactions. Besides studying the concentration quenching
mechanism, the decay dynamics of the synthesized phosphor were also investigated. The lifetime of the phosphors
was found to decrease with increasing the concentration of dopants due to the increased likelihood of energy
transfer between Sm®*. Furthermore, the CIE coordinates of the synthesized phosphor were found to lie in the
orange-reddish region of the color gamut with increasing color purity (70.2-95.9%) towards the reddish region
with the ideal correlated color temperature (2090K). The obtained results suggest that the synthesized phosphor
BayLag(Si04)602:xSm* can be effectively used for different applications of light-emitting diodes (LEDs) in
various fields, especially for display and lighting purposes.

2. Results

Fig. 1 (a-b) shows the PLE and PL spectra of all synthesized Ba,Lag(SiO4)s02:xSm3* (x = 1-5 mol%) oxyapatite
phosphors recorded at emission and excitation wavelengths of 600 and 407 nm, respectively. As shown in Fig. 1
(a), the multiple strong peaks in PLE spectra correspond to 4f5-4f° intra-configurational transitions from the Sm3*
ground state (6H5/2) to distinct excited states such as ®Hs;, — *Ggp2 (344 nm), ®Hs, — “Daz (369 nm), SHs;, —
4|:’7/2 (375 nm), 6H5/2 — 4P3/2 (406), 6H5/2 — 4P5/2 (419 nm), 6H5/2 — 4|\/|17/2 (442 nm), and 6H5/2 g 4|11/2 (471 nm)
[1]. PL spectra depicted in Fig. 1(b) show the emission profile from 525 to 750 nm. All the levels that get populated
during the excitation process, including the main excitation level ®P3, relax to the emitting level *Gs;, without
giving off specific radiation. Multiphoton relaxation in-between the emitting level “Gs, and the higher energy
level of the ground state (5F11/2) does not take place due to the energy difference of 7200 cm™ [2]. Therefore, the
luminescence process occurs via non-radiative energy transfer and is highly affected by the cross-relaxation
phenomenon occurring in between the Sm®*-ions [3].
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Fig. 5: (a) PLE (Aem = 600 nm) and (b) PL (Aex = 407 nm) spectra of the synthesized Bagla,(Si04)s02:xSm** (x = 0.01, 0.02, 0.03, 0.04, 0.05
mol%) oxyapatite phosphor.
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1. Introduction
White light-emitting diodes (WLEDSs) have emerged as superior alternatives to traditional light sources due to their
numerous advantages, including lower power consumption, extended lifetimes, and environmental friendliness
[1-4]. The most successful approach to fabricating wLEDs involves combining a blue LED chip with a yellow-
emitting phosphor (YAG:Ce®) [1-4]. However, due to the lack of a red component, the white light produced by
YAG:Ce-based wWLEDs exhibits a low color rendering index and highly correlated color temperature, which do
not meet the requirements for warm white light emission [3,4]. Therefore, it is crucial to develop red-emitting
phosphors as color converters [2,3]. Here, we report on red-emitting Eu®*-activated Ca,Y1xZr2(AlO4)s (CYZA)
garnet-type phosphors with high color purity. The crystal structure and spectroscopic properties of these
phosphors were investigated in depth. Our work demonstrates that the prepared CYZA:Eu®* red phosphor is a
promising candidate for the red component in warm wLEDs based on n-UV LED chips (380-410 nm).
2. Results
Fig. 1 displays the room-temperature spectral properties of CYZA:XEu®* (0.01 < x < 0.05). Five intense red
emission peaks at 587, 588, 609, 654, and 705 nm, corresponding to the >Do—"F; (J = 0—4) transitions of Eu®*
ions, are observed under 393 nm excitation. Fig. 2 presents the normalized integrated emission intensity of
CYZA:xEu® phosphors as a function of Eu®* doping concentration. The highest emission intensity was achieved
at x = 4 mol% due to the concentration quenching effect. The calculated critical distance (Rc) value of 22.51 A
exceeds 5 A, indicating that the Eu®* non-radiative energy transfer process arises from electric multipole
interactions [1-3]. The detailed energy transfer mechanism between Eu®* ions in CYZA:XEu®" phosphors was
investigated using the following mathematical expression:

log(1/x) = A — (6/3)log (x) [1]
Here, I refers to the emission intensity, x represents the doping concentration, and A denotes a constant [1-3]. The
8 value for CYZA:xEu®* phosphors was calculated to be 3.013, which is close to 3, suggesting that nearest-
neighbour interactions caused the observed concentration quenching effect [5].
The optimal CYZA:0.04Eu®* sample exhibited CIE chromaticity coordinates of (0.635, 0.365) with a color purity
of 92.9%, surpassing that of Ca,LaHf,Al3012:50%Eu3* (color purity = 92.7%) [3]. The decay lifetimes of the
CYZA:xEu*" samples were determined to be 2.26, 2.25, 2.20, 2.17, and 2.05 ms for x =0.01, 0.02, 0.03, 0.04, and
0.05, respectively. The increasing Eu®* concentration leads to a decrease in decay lifetimes, as the higher Eus*
content increases the probability of non-radiative energy transfer. This is crucial evidence for energy transfer
occurrence and the resulting concentration quenching of Eu®[1].
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Fig. 6: Photoluminescence emission spectra of the Fig. 2:The relative emission intensity of the CYZA:XEU® (0.01<x <

CYZA:XEU* (0.01< x < 0.05) phosphor.
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1. Introduction

In the conventional quantum mechanics of conserved systems, Hamiltonian is assumed to be a Hermitian operator.
However, when it comes to open quantum systems, a strict Hermiticity requirement is no longer necessary. In
fact, it can be substantially relaxed: the non-Hermitian part in a Hamiltonian is allowed, to account for the effects
of the dissipative environment, whereas its Hermitian part would be describing the subsystem’s energy. Within
the framework of the quantum-statistical approach based on reduced density operators, utilizing both non-
Hermitian Hamiltonian and Lindblad’s jump operators, we derive various generalizations of the von Neumann
equation for the reduced density operator, also known as the NH-Lindblad (a.k.a. NH-GKSL) hybrid master
equation framework. This approach is arguably the most general quantum-statistical method based on reduced
density matrices to date, an extensive bibliography can be found in [1].

2. Results

In a special case, if one is restricted to the evolution of pure states only then one can derive quantum-mechanical
equations of the Schrodinger type [2]. In general, these equations are nonlinear with respect to wavefunction and
nonlocal, which increases their capacity of describing complex quantum-optical phenomena in the presence of
dissipation and noise. Among other features, they can describe not only systems, which remain in the stationary
eigenstates of the Hamiltonian as time passes but also those, which evolve from those eigenstates.

As an example, we apply the method to a three-level atom interacting with two optical and one microwave fields
in the adiabatic approximation resulting in a simplified description in terms of a two-level system. We assume
this two-level system to be affected by two types of environments, described by some ad hoc non-Hermitian
Hamiltonian and GKSL's models. We compare the three types of dissipative evolution, which can occur: driven
by equations for a normalized density matrix, a non-normalized density matrix, and a normalized state vector.
Using the latter type, we derive an effective Hamiltonian, which encodes information about not only the
Hamiltonian part of an original master equation but also its non-Hamiltonian (Liouvillian) part. The Hamiltonian
turns out to be dependent on the wavefunction itself: the effects of the above-mentioned environments induce,
respectively, cubic and quintic nonlinear terms with respect to the wavefunction's magnitude [3].
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1. Introduction

Bulk-heterojunction organic solar cells have brought much interest in renewable energy due to low cost and large-
scale fabrication. Their power conversion efficiency (PCE) suffers from charge recombination limiting
commercialisation. In this study, the plasmonic resonance of colloidal copper nanorods (CuNRs) have been
employed to enhance light absorption inside phenyl-Ceo-butyric acid methyl ester: poly(3-hexylthiophene)
(P3HT:PCBM). The CuNRs with a diameter of 20.60 + 0.54 nm and length of 57.81 £ 1.5 nm induced transverse
and longitudinal absorption peaks at 450 and 680 nm respectively inside P3HT:PCBM (Fig. 2). The peaks
intensify with an increase in the concentration of CuNRs. The lifetime of P3HT:PCBM in Fig. 1 is improved with
the incorporation of CuNRs. The CuNRs have improved the ITO/PEDOT:PSS/P3HT:PCBM: CuNRs/Ag device
by a PCE of 3.78%. Incorporating Cu NRs in P3HT:PCBM has the potential to improve the power conversion
efficiency of ITO/PEDOT: PSS/P3HT:PCBM: CuNRs/Ag organic solar cell by inducing plasmonic resonance.

2. Results
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Fig. 7: TRPL spectra of P3HT:PCBM with different volumes Fig. 2: UV-Vis spectra of CuNRs incorporated
of CuNRs using 473 nm excitation laser in P3HT:PCBM at different volumes
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1. Introduction

A fundamental understanding of material properties and reactions in energy materials can often be achieved
through advanced large-facility techniques, such as those available at synchrotrons or neutron sources. These
techniques provide unique insights but often require well-defined samples with controlled properties, including
crystallinity, surface roughness, and interface quality. Such requirements are frequently met by using thin films.
To this end, we employ Pulsed Laser Deposition (PLD) (1) to fabricate thin films, enabling the application of
complementary methods ranging from neutron reflectometry (NR) to grazing incidence X-ray absorption
spectroscopy (GIXAS).

2. Results

One material system we study involves Li-containing materials for Li-ion batteries, with the ultimate goal of
developing a thin-film battery entirely fabricated by PLD. A major challenge in this approach is identifying a
suitable solid electrolyte that retains its properties in thin-film form. Many oxide electrolytes, such as LLZO
(Li7LasZr,012) or LLTO (LisLa@s«TiOs), do not meet these criteria. Additionally, it is essential to identify
oxide-based electrode materials (anode and cathode) that are compatible with the solid electrolyte, particularly in
terms of deposition conditions and interfacial properties.

Another key area of our work focuses on oxynitrides, which are used as photoanodes for photo-electrochemical
(PEC) water splitting. Despite their promise, this material class suffers from rapid activity decay during the initial
electrochemical cycles and a gradual long-term decline. The long-term decay is likely linked to material
degradation, such as nitrogen loss. However, the fast decay remains poorly understood, hindering the development
of strategies to address it.

By utilizing thin films as model systems, we studied the mechanisms behind the fast decay. Using neutron
reflectometry (NR), we observed a surface modification within a 3 nm region, manifested as a density change.
Concurrently, X-ray absorption spectroscopy (XAS) revealed alterations in the oxidation states of constituent
elements. Specifically, the A cation exhibited changes in oxidation state, while the B cation (e.g., in LaTiOxNy)
(2,3) traditionally considered the active site, underwent localized disordering. This surface modification
compromises water-splitting activity. However, we identified a co-catalyst capable of suppressing these
modifications.

Our investigations uncovered critical steps in the PEC water-splitting mechanism. During surface modification,
the formation of NOx competes with the desired oxygen evolution reaction (OER). Without highly defined, high-
quality PLD-fabricated thin films, it would not have been possible to leverage large-facility techniques to uncover
and mitigate the origins of activity decay in oxynitrides for water splitting.

Additionally, a new PLD chamber has been setup that allows the deposition of halide perovskites, and the first
results of single-oriented films will be shown.
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1. Introduction

Catalytic oxidation of volatile organic compounds such as carbon monoxide, ethanol, toluene, propane, and xylene
by Co304 is a chemical process that is largely influenced by the presence of Co®*, Co?* cations, and oxygen
vacancies [1,2]. In particular, the Co®/Co?* ratio has been proven to be beneficial towards improved catalytic
performance of CosOs. It follows that the amount of Co cations in Co304 is reliant on the dominating crystal plane
on the surface and surface morphology [1,2]. Other material properties that have been reported to play a vital role
during catalytic reactions are the configuration of the particles and their sizes, surface area, and crystal defects
[3]. These properties can be modified and are ultimately determined by the synthesis method and parameters. A
simple approach to correlating these properties to the catalytic performance of Co304 is by studying how they
influence each other.

The photoluminescence (PL) is one of the techniques used to study crystal defects relating to oxygen vacancies.
Paired with UV-Vis absorbance/reflectance measurements, more information regarding crystal defects and their
origin within the material can be understood. Herein, we investigate the effects of crystal defects on the selective
catalytic oxidation of p-xylene by Co3s0. nanostructures hydrothermally synthesized at different temperatures.

2. Results

In a series of tests done to determine the catalytic performance of Co304 nanostructures to xylene isomers (m-
xylene, o-xylene, p-xylene), the highest sensitivity was shown by Coz04 nanostructures synthesized at 160 °C,
named Co-160. As shown in Fig. 1, high sensitivity is also observed for m-xylene and 0-xylene at 150 °C operating
temperature. The temperature-dependent PL emission spectrum of Co-160 shows that as the temperature is
increased, the emission is quenched. This indicates that at high temperatures, the effect of crystal defects may be
minimized and therefore result in improved sensitivity of Co-160 to xylene isomers.
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Fig. 1: Response of Co30,4 nanostructures to xylene Fig. 2: Temperature-dependent PL emission
isomers at 150 °C working temperature. spectrum of Co-160.
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1. Introduction

Numerous studies and advancements in solar energy technologies have been reported due to the consistent
increase in energy demand and the transition to a solar-dominated energy mix. All-inorganic cesium antimony
iodide (Cs3Sh2lg) are halide perovskites which have attracted remarkable attention from researchers due to their
unique properties and prospective applications in optoelectronics and photovoltaics. They have a bandgap of 2.05
eV [1] and have been investigated as a light-absorbing layer during the development of lead-free perovskite solar
cells (PSCs) [2]. Likewise, kesterites are quaternary chalcogenide semiconductors that have been explored as
potential hole transport materials in PSCs because of their tunable bandgap, p-type conductivity, non-toxicity, and
good stability under ambient conditions. This study is aimed at addressing challenges linked with device
performance optimization and exploring sustainable alternative materials for reducing recombination and
facilitating hole transport in Pb-free PSCs.

2. Results

Numerical simulation of the device with general architecture FTO/WS2/Cs3Shlo/CZTSe/Au was executed using
SCAPS-1D software with CZTSe as the hole transport layer (HTL), while CssShzlg was used as the absorber
material. The influence of various parameters on the device such as the effect of changing the doping density of
the HTL, the density of defect of the absorber layer, and the device operational temperature were investigated in
the present study for optimal performance of the device. In this study, an optimal power conversion efficiency
(PCE) of up to 21.02% with a fill factor (FF) of 81.94% was achieved for the proposed device configuration.
Furthermore, an open-circuit voltage (Vo) of 0.817 V and a short-circuit current density (Js;) of 31.4 mAcm
were achieved for the structure. Detailed discussion on the interface engineering, charge dynamics, and the device
physics of the proposed architecture will be discussed.
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proposed device.
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1. Introduction

An increased interest in metal oxides is due to their ability to modify their properties for various applications[1].
Morphology and size can influence nanoparticle properties; therefore, synthesis conditions are altered to control
these factors, including reaction time, temperature, pH, etc [2,3]. Nanomaterials containing other semiconductors
and metal nanoparticles are incredibly efficient. Precipitating agents, solvents, and surfactants influence the
nanoparticle's properties. Annealing is advantageous for nanomaterials as it enhances their durability, reduces
their stiffness, and improves their machinability, thereby increasing their overall workability. Therefore, this study
seeks to investigate the influence of synthesis conditions and heat treatment on ZnAl,04-CuO, which will be used
in an ongoing study of modifying road materials.

2. Results

Thermogravimetric analysis revealed that the material exhibits good thermal stability in the temperature range of
500 to 800 °C. The X-ray diffraction analysis confirmed the monoclinic CuO and cubic ZnAl.O4 phases. The
phases showed better crystal formation. Scanning electron microscopy analysis revealed that the annealing time
changed the morphology of the nanopowdered samples. The band gap becomes smaller with a longer annealing
time for the precipitating agents.
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Fig. 9: Plot to determine the bandgap of the (a) ZnAl,0,-CuO (NH4) and (b) ZnAl,04,-CuO (NaOH).
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Recent technological advancements have resulted in a pronounced increase in the global energy demand to an
extent where conventional energy sources, particularly fossil fuels, are depleting and in a predicament due to their
non-renewability. Inaddition, fossil fuels emit greenhouse gases, which contribute to undesirable global warming
and climate change. Thus, renewable and sustainable energy sources, particularly solar energy, which is abundant,
clean, and cost-effective, can conceivably overcome the drawbacks of traditional energy sources. Currently, the
most commonly used photovoltaic devices for converting solar energy into electricity are first-generation
(crystalline silicon) solar cells, which have been commercialized due to their sustainability and relatively high
power conversion efficiencies (PCEs) of more than 26%. Nonetheless, silicon solar cells are rigid, expensive, and
require complex fabrication procedures, which limit their large-scale production. Hence, second-generation (thin-
film) solar cells have been developed with inexpensive amorphous silicon and several semiconducting materials.
Regardless of having cost-effective and ease of fabrication protocols, second-generation solar cells exhibit lower
PCEs than their first-generation counterparts. Recently, third-generation solar cells, such as perovskite solar cells,
dye-sensitized solar cells, and organic solar cells, have attracted significant research interests owing primarily to
their simple fabrication procedures, low cost, lightweight, flexibility, easy scalability, low environmental impact,
and ever-increasing PCE. However, the commercialization of third-generation solar cells has been set back by
their instability and relatively lower PCEs when compared with commercially available silicon solar cells.
Therefore, with the recent emergence of novel materials, particularly carbon-based materials, future research is
envisaged to assist in bridging the gap between third-generation solar cells and silicon solar cells. Carbon-based
materials, such as carbon nanotubes, graphene, and its derivatives, and graphitic carbon nitride, due to their
outstanding optoelectronic properties, excellent stability, nontoxicity, and low cost, have prompted much research
effort. Their incorporation into third-generation solar cell components, as additives or replacements for traditional
solar cell materials, is envisaged to significantly increase the PCE, sustainability, environmental friendliness, and
cost-effectiveness of devices. This presentation will discuss the basics of photovoltaics, carbon-based materials,
and third-generation solar cells, as well as current advances in this area. Merits, limitations, and recommendations
for the fabrication of highly efficient, sustainable, and cost-effective third-generation solar cells will be
highlighted to pave the way for commercialization.

noonoonononu
OO O O OO~

O=

0 7% % %
A g o g O

o=

carbon- reduced graphene oxide (rGO)
based

materials

graphene

multiwalled carbon
nanotubes

graphitic carbon nitride

43
10™ South African Conference on Photonic Materials - Amanzi 2025



Comparative upconversion of Tm, Yb doped Y203, YOF, and YF3 hosts

Ponaki Radebe”, R.E. Kroon”

Department of Physics, University of the Free State, Bloemfontein, 9300, South Africa
Corresponding authors e-mail addresses: ponakiradebe5@gmail.com; KroonRE@ufs.ac.za

1. Introduction

Upconversion involves the conversion of multiple low-energy photons into a single higher-energy photon [1].
Upconverting phosphors have applications in security printing, forensics, biomedical research, and temperature
sensing. Achieving efficient upconversion luminescence requires a suitable host material with low phonon energy
and stability [2]. One such host material is YFs. During annealing in air, oxygen can enter the YF3 lattice and form
Y203 and the process is via intermediate phases of YOF. This study aims to determine which host material between
YF;, YOF, and Y03 gives the highest blue upconversion emission from Tm3* ions after exciting the Yb®* ions
with an infrared diode laser at 980 nm.

A co-precipitation method was used to make starting material that was subsequently annealed at different
temperatures to create YFs, YOF, and Y203, each doped with 0.5 mol% Tm?3* and 10 mol% Yb3*. X-ray
photoelectron spectroscopy (XPS) was used to monitor the chemical composition of the different stages of host
formation using the same starting material for different annealing temperatures. The XPS peaks associated with
yttrium and fluorine were detected in YF3, whereas an oxygen peak appeared, which increased during the
formation of YOF and Y,0s3. Under 980 nm laser excitation, the upconversion luminescence emission bands
corresponding to Tm3* were obtained in the visible and near-infrared spectral regions.

2. Results

The XPS survey, as shown in Fig. 1, revealed the presence of all principal elements and indicated the loss of F
and the gain of O in the host as the annealing temperature was increased. The upconversion emission spectra
shown in Fig. 2 depicts an intense band in the near-infrared region, with weaker band emission in the visible
region. The upconversion emission at 451 nm and 475 nm of the blue region, shown in the zoomed-in inset, was
attributed to D, —=%F, and G4 — 3F; Tm®* transitions, respectively. The lowest emission from YF3 at 451 nm
suggests the D, level was not populated directly through the energy transfer between Yb** levels and the higher
Tm?®* energy levels, leading to weaker emission for the shorter wavelength. The Tm3®* ions in Y,03 exhibited
intense Stark splitting for the lowest emission in the blue region, with the complex splitting being attributed to the
different sites of Y203 [3]. The highest blue upconversion intensity was registered from the sample Si-YOF
(annealed at 950 °C). The phases of YOF showed higher emission within the blue region as compared to YF; and
Y203 which suggested that the mixed oxygen and fluorine environment in the crystal lattice plays a favourable
role in enhancing upconversion emission intensity, particularly in the blue region [4].

x10° x10°
% 2 g 3 10 ——3F,— V-YOF—5,YOF—5,.YOF——Y,0,
jf{' § i'?x 3 g 1 10 X0 [4ﬁ$H(.
S\ vr,: 0.5Tm, 10vb b g ¢ :‘.{&? g E —_ 84 'G, “H,
i : £ 2 8
4 ; g
JE 8 2 61
Ry == :‘_;/ 5
2 = 2 '-.; 4
S ;-YOE: 0.5Tm, 10YD i ] = 5w l z 4+
24 2
8,-YOF : 0.5Tm, 10Yb __J 4 I Eq o 2
" .M ; i RO | 1 & 24
04
14 426
1400 1200 1000 800 600 400 200 0 e
Binding energy (eV) Wavelength (nm)
Fig. 10: XPS survey spectra of the prepared samples. Fig. 2: Upconversion emission spectra.
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1. Introduction

Concentrated photovoltaic (CPV) modules utilize multi-junction solar cells (MJSCs) to convert solar energy to
electricity. However, the performance of MJSCs is influenced by the variations in the solar spectral composition
and the intensity experienced under operational conditions.

MJSC:s are typically monolithically stacked, series connected p-n junctions with each subcell manufactured from
I11-V semiconductors on a Germanium subcell such that it can absorb a broad range of the solar spectrum.
However, series connections between subcells introduce a potential for current mismatch, whereby the worst-
performing subcell limits the current of the MJSC [1], [2]. Furthermore, voltage losses in MJSCs can occur as the
result of internal current flow caused by variations in the distribution of spectrum across the individual subcells.
To analyze MJSCs under operational conditions, an experimental module was designed and deployed on a dual-
axis solar tracker at Nelson Mandela University, Port Elizabeth. The module contains numerous MJSC
configurations. Power measurements were performed for 3- and 5-junction cells, respectively created from
GalnP/GalnAs/Ge and AlInGaP/InGaP/AlInGaAS/InGaAs/Ge, to assess the cell performance under varying
operational conditions [3].

This paper investigates the influence of real operating conditions with changing spectra on the performance of
MJSCs. The findings provide insight for the design optimizations of CPV cells and modules.

2. Results

Fig. 1 shows the solar spectral compositions at 1-sun, with an irradiance of 900 W/m?, for two different dates: 18
February 2024 at 08:38 and 3 August 2024 at 08:48. It shows the variation in the spectral composition under
operational conditions compared with the standard spectral composition from the IEC Concentrator Standard
Operating Conditions utilised during testing [4]. Table 1 summarises the differences in key cell parameters for a
3-junction and three different 5-junction cells under these solar spectral compositions.

Spectral Composition Table 1: 3- and 5-junction cell parameters on 03/08/2024 (red-
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Fig. 11: Solar spectral composition on 18/02/2024 and 03/08/2024.

The short circuit current (Isc) is the most affected parameter for all cell configurations, illustrating the dependency
of the MJSC performance on the bandgap sensitivities of the 111-V semiconductor materials. Yet an increase of
fill factor (FF) under the red-rich spectrum partially compensates for the loss in Isc. Additionally, the performance
variation within the 5-junction cells, where versions h, f, and g have different subcell current balances, indicates
a further dependency on cell parameters beyond cell materials. A further comparison of additional MJSCs, a
positional shift of the MJSC with respect to the module and operational temperature variations, may give a further
understanding of the current and voltage variations. These results emphasise the importance of considering a range
of spectral compositions during the design of MJSCs.
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1. Abstract

A series of Ca;V,07:xDy** (x =1-8 mol%) phosphors were prepared via a high-temperature solid-state reaction
method. Phase confirmation and crystal structure information of the synthesized phosphor series were acquired
through the X-ray powder diffraction technique. From the reflectance spectra, it was found that the bandgap value
of the synthesized phosphor was found to be 2.86 eV. The impact of doping on the surface morphology was
assessed through field emission scanning electron microscopy. It was found that incorporating the dopant tends
to change the morphology slightly. The elemental composition was verified with the help of energy-dispersive X-
ray spectroscopy. Further elemental composition and oxidation state were assessed using X-ray photoelectron
spectroscopy. Photoluminescence excitation and emission spectra were recorded, and it was found that absorption
and emission peaks are the characteristic peaks of Dy®*. 6 mol% was found to be the optimum value of doing.
Concentration quenching was found to occur via an exchange mechanism. Lifetime analysis was also done, and
it was found that the lifetimes vary from 0.13-0.08 ms. From the photometric analysis, it was found that the CIE
coordinates for the synthesized phosphor lie in the white region of the color gamut. All the results suggest that the
synthesized phosphor can be effectively used for white light-emitting diode application purposes.

2. Results

The photoluminescence excitation and emission spectra for Ca,V207;:xDy** (x =1-8 mol%) were recorded with
excitation and emission wavelengths of 573 and 290 nm, respectively. Besides, the different absorption peaks
from Dy®* a strong, wide absorption band with a peak at 300 nm, that corresponds to the *A; — T; transitions of
the V03~ group was observed!, The emission spectra were found to consist of characteristic emission peaks
attributed to Dy®*. While looking into the recorded spectra, it was found that 6 mol% is the optimum value of
doping.
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Fig. 12: (a, b) Photoluminescence excitation and emission spectra corresponding to the Dy3* activated Ca,V.0-, phosphor material.
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1. Introduction

Multi Junction 111/V on Germanium solar cells excel in Space due to their radiation hardness, in CPV due to their
high-intensity tolerance, and in both applications because of their efficient spectrum utilization and performance.
While the spectrum in Space is mostly constant it changes during a terrestrial day which induces a shift of the
current generation to the lower (red-rich) or the upper (blue-rich) sub-cells. Moreover, refractive concentrators
like Fresnel lenses will usually generate spectrally inhomogeneous light spots resulting in non-matching local
current densities in the stacked sub-cells while reflective systems like heliostats don’t show this behaviour.
Consequently, CPV solar cells need to be adapted to a range of operating conditions rather than to a single
homogeneous standard spectrum. This careful “current balancing” is particularly necessary for our 5C46 5
junction (5J) solar cell where any of the four upper cells may become current limiting as the spectrum changes.
In our own C3PV modules, the 5C46 solar cell outperforms the 3C44 cell by 18% (best modules compared, to
standard operating conditions) [1].

2. Scope

Within the project QuintuMod the 5C46, the module structure and the optics have been jointly optimized to create
an economical and highly efficient CPV module. For this task we developed a simulation method, which combines
ray tracing simulations [2] with Quantum Efficiency measurements and electronic network simulations [3] to
calculate 1V curves of 5J solar cells within the C3PV module (Fig.1). To add representative operating conditions,
Fraunhofer ISE condensed thousands of spectra from typical PV sites into just six clustered spectra. These
theoretical results are compared to direct spectra and 1V curves of 60 individual cell receivers measured by a
special analysis module. The CPV-receivers in the module vary in optical adjustment and cell design such as our
3C44 3-junction cells and different versions of 5-junction cells. Presently this module is installed and monitored
at Nelson Mandela University, Port Elizabeth [4]. In combination, the simulations and real results confirm that
the 5C46 cell performs well in a variety of application conditions.
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Fig. 13: Electronic Network Simulation of a 5J solar cell. Fig. 14: Analysis module on a solar Tracker at NMU.
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1. Introduction

Lanthanide-doped lithium yttrium germanate (LiYGeOs) has attracted considerable interest in recent years owing
to its advantageous optical and luminous characteristics. LiYGeOy is a synthetic crystal classified among garnet-
like materials, recognized for its exceptional chemical stability, superior thermal conductivity, and distinctive
optical properties. Pré* doped LiYGeO, has broad 4f-5d transitions that provide unique emission peaks in the
visible spectrum [1]. In this study, Pr*-doped LiYGeQy,, with varying concentrations, was synthesized via the
solid-state reaction. Different Pr3* doping concentrations on the crystal structure, morphology, elemental
distribution, bandgap, oxidation states, and defects were analyzed using X-ray powder diffraction (XRPD), field
emission scanning electron microscopy (FE-SEM), energy dispersive X-ray spectroscopy (EDS), UV-vis diffuse
reflectance, X-ray photoelectron spectroscopy (XPS), and electron paramagnetic resonance (EPR). Persistent
luminescence (PersL) was studied and correlated with photoluminescence (PL) and thermoluminescence (TL).
The optimized phosphor was evaluated for fingerprint detection and anticounterfeiting applications.

2. Results

The synthesized LiY (1-GeO4:xPr3* (x= 0-1) phosphors have an orthorhombic crystal structure [1]. The XPS and
PL results revealed the presence of Pr¥*. The UV-vis-near infra-red (NIR) diffuse reflection spectra showed an
absorption band at 200 nm for all the samples. This absorption band corresponds to the band edge of the host [1].
Another broad band located in the range of 210-280 nm corresponded to the 42— 4f5d transition of Pr3*. All the
other bands corresponded well with the Pr3* transitions [1]. PL showed two excitation peaks at 236 and 250 nm
that corresponded to the 4f — 4f5d transition under 650 nm emission. All the phosphors showed a wide excitation
band from 414 to 500 nm, as well as peaks at 529 and 565 nm, attributable to f-f transitions. LiY (1GeOa:xPr3*
(x = 0-1) exhibits blue, red, and deep red emissions that correspond to the f-f transitions of the Pr3* ions. Upon
excitation with a blue laser (473 nm), the phosphor displayed emission ranging from blue-green to red and
extended into the NIR to mid-IR regions. A series of PersL and TL experiments were performed to examine the
characteristics of PersL. The Pr3* doped material exhibits trap distributions ranging from 0.8 to 1.6 eV. The
findings demonstrated that the inclusion of Pr®* ions created additional shallow traps within the material, thus
boosting the PersL performance at room temperature. This phosphor can act as an efficient multimodal
luminescence material, which simultaneously exhibits long-lasting (>14 h) blue-green and red dual-band
persistent luminescence after irradiation by 254 nm (Fig.1(a)). Moreover, the material exhibits exceptional color
purity, positioning it as a viable choice for red PersL applications [2]. Latent fingerprint detection using the
LiYGe04:0.25 % Pr3* phosphor proved to be an excellent marking agent for applications in forensic science and
anticounterfeiting (Fig.1(b)).
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Fig.1: (a) PerL emission spectra of the LiYGeO,:Pr®* (0.25 mol%) phosphor and (b) a picture of the “UFS” pattern drawn with handmade ink
(LiYGeO4:Pr¥* (0.25 mol%) + PVA) under ambient light, under the excitation of 254 nm and the afterglow (in the dark) at RT.
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1. Introduction

A novel bottom-up approach enabling fabrication of smaller, brighter, and more energy-efficient micro-LEDs
than conventional top-down techniques will allow, has been displayed. By this approach, pyramidal micro-LEDs
can be manufactured without destructive etching damages as the LED dimensions are decreasing to the mm or
even sub-mm regime. Pyramidal micro-LEDs with bright and efficient blue and green emissions have earlier been
demonstrated, and recently also red-emitting pyramidal micro-LEDs were demonstrated.

In the prevailing miniaturization race for achieving high performance micro-LEDs, the commonly employed
top-down approach is reaching its limit due to the etching procedure. As the dimensions of the etched areas of
the 2D quantum well structures are reaching decreasing mm sizes, the surface damages caused by this etching
will become increasingly problematic as these damages are devastating for the optical performance of an LED
structure.

2. Pyramidal LED concept

In this work, an alternative bottom-up approach is presented in order to realize new 3D mLED-structures, with
sizes down to mm or even sub-mm dimensions. This concept is based on InGaN/GaN pyramidal quantum
structures with a deterministic design, essentially defined by the hexagonal lattice structure, i.e. pyramids with six
symmetric facets (See Fig. 1). The pyramidal GaN structures are fabricated by a re-growth process on
lithographically patterned SiN-masked GaN templates. InGaN quantum wells on the facets of the mm-sized GaN
pyramids with almost perfect surfaces act as the active light emitters. Based on this concept, pyramidal mLEDs
have been demonstrated with bright emission at 470 and 520 nm, respectively. The breakthrough of the pyramidal
mLEDs took place recently with the demonstration of a red emission at 630 nm (See Fig. 2). This means that
R/G/B (red/green/blue) emitters from the same material system have been realized.

3. Pyramidal micro-LED applications

The high quality of homogeneous pyramidal microLED structures combined with a flexible design paves a
promising route for microLED applications such as AR-based microLED projectors and displays. The
combination of smaller dimensions down to mm or even sub-mm dimensions, with maintained high emission rate
(i.e. brightness) and a recombination process occurring at a high efficiency are key features for the microLEDs
performance in display and projector applications.

July 2023 October 2023 December 2024
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Fig 1. Images of mm-sized Fig. 2 Configurations of pyramidal InGaN/GaN mLED-structures lighting up at 470, 520 and
pyramidal GaN structures. 630 nm, respectively.
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1. Introduction

Neuromorphic computing is a rapidly developing approach that seeks to create computing systems inspired by the
functioning of the human brain. The goal is to achieve brain-like efficiency in cognitive tasks [1] Recently,
significant advancements in neuromorphic hardware have been showcased, such as IBM’s ‘TrueNorth’ [2] and
Intel Labs’ ‘Loihi’ [3] systems. These are built using complementary metal-oxide-semiconductor (CMOS)
technology. CMOS-based designs require a large number of transistors to replicate neuronal and synaptic
functions, resulting in higher energy consumption and increased spatial requirements. Therefore, the downscaling
of each computing unit (i.e. neuron) to the nanoscale, or even smaller, is critical.

Apart from the traditional logic-gate-computations, a neuromorphic device should also fulfill the following
criteria: (a) each neuronic unit should be able to have a memory as well as the ability to compute, (b) be able to
forget stored information after some time, (c) have a reset function. Additionally, it would be useful (but not a
requirement), to (d) process differing sets of input data at once, and in parallel (perform parallel computations)
and to operate with (e) multi-value logic (MVL). A typical example of MVL is ternary logic, which uses three
distinct states: VDD (supply voltage), GND, and an indeterminate third logic value. This differs from the more
familiar binary logic (Boolean logic), which only uses two states—VDD and GND.

Here, we show that photoactive materials may be used to design and fabricate such a device that fulfill these
criteria. This is done by precise design and control of the architecture of a nano-scaled photoactive ZnO, Al,Os,
Au, and Si-based device.

2. Results

Fig. 1 shows the UV-Vis absorption of three of the materials (ZnO, Au, and Al>Os) used to fabricate the device.
Whereas ZnO alone absorbs mainly in the UV band, the combination (ZnO/Au/Al,Os) allows us to engineer a
system that also absorbs visible light photons. Thus, different data sets on a combined light beam (containing
both UV and visible light) may be absorbed by the system to input multiple data sets at once. Fig. 2 shows an
example of the ‘memory effect’ in the device. UV light is switched on and off at different intervals. The system
remembers its previous ‘on’ state (in terms of output current) when the UV light is turned off and remains in that
state for some time. Each ‘on’ state is therefore built on top of the previous and is visible in the stepwise increase
in current.
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Fig. 15: UV-Vis of ZnO, ZnO/Au, ZnO/Al,0; and Fig. 2: Change in current with UV light ON and OFF. The
ZnO/AU/AlLO; memory effect is observed where the device remembers its

previous ON state.
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1. Introduction

Perovskite materials possess attractive properties such as bandgap tunability, low exciton binding energy,
stimulated emission at ambient temperature, high electron mobility, strong optical absorption, and long electron-
hole diffusion lengths. However, the stability of conventional organic-inorganic perovskites is impaired in at
ambient environment due to highly volatile organic components within the material and weak chemical bonding
between metal cations (Pb*) and halide anions (I, Br-, or CI"). The ionic nature of perovskites also induces ion
migration in iodide-rich materials [1]. Conversely, CsPbBrs; perovskites have high stability in ambient
environments and elevated temperatures due to the stable [PbBrs] octahedral framework and non-volatile Cs*
cation [2].

The concentration difference between Cs* and Pb?* in the same solvent during a one-step spin-coating method led
to the introduction of a two-step deposition method [3]. However, the perovskite materials synthesised using the
two-step deposition method are populated by large pinholes which ultimately act as recombination centres for
electrons and facilitate the degradation of the material. In this work, phenethylammonium (PEA®) was used as a
passivation layer to reduce pinholes and improve the luminescence in CsPbBr; perovskite.

2. Results

X-ray diffraction (XRD) patterns revealed cubic structure with the Pm3m space group where PEA* did not affect
the intrinsic crystal structure of CsPbBrs perovskite. Field emission scanning electron microscopy (FESEM)
images of CsPbBrs; revealed pinholes within the perovskite film. Spin-coating PEABr on CsPbBrs; improved
morphology and surface coverage resulting in pinhole-free films. Fig. 16 shows the absorption spectra and
emission of CsPbBrs3 thin film showing a broad absorption with an onset at 530 nm and an excitonic peak at 515
nm. Furthermore, CsPbBrs/PEABT preserves the optical properties of CsPbBrs. However, the two excitonic peaks
that appear at 405 and 436 nm were attributed to a 2D perovskite with n=1 and n=2 phase of a quasi-2D [PEACs:.
1PbnBr3n+1] perovskite, see Fig. 2.
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Fig. 16. (a) Absorbance and (b) emission in CsPbBrs thin film with and without PEABT.

3. References

1. Zhu, W., et al., lon migration in organic—inorganic hybrid perovskite solar cells: current understanding and
perspectives. Small, 2022. 18(15): p. 2105783.

2. Calisi, N. and S. Caporali, Investigation of open air stability of CsPbBr3 thin-film growth on different
substrates. Applied Sciences, 2020. 10(21): p. 7775.

3. Cao, X., etal., Water, a green solvent for fabrication of high-quality CsPbBr3 films for efficient solar cells.

ACS applied materials & interfaces, 2019. 12(5): p. 5925-5931.

51
10™ South African Conference on Photonic Materials - Amanzi 2025


mailto:mmantsae.diale@up.ac.za

Role of monovalent charge compensators (Li*, K*) in Sm3*-activated
Ca:Ga:GeO7 phosphor for enhancing emission intensity

Umer Mushtag?, Irfan Ayoub?, Hendrik C. Swart?, Vijay Kumar®?, Vishal Sharma®"

1 Department of Physics, National Institute of Technology Srinagar, Jammu and Kashmir, 190006, India
2Department of Physics, University of the Free State, P.O. Box 339, Bloemfontein, ZA9300, South Africa
3Institute of Forensic Science & Criminology, Panjab University, Chandigarh-160014, India
Corresponding author e-mail address: vishalsharma.pu@gmail.com (V. Sharma)

1. Abstract

This study presents the enhancement of emission intensity in Sm**-doped Ca:GaGeO- phosphors through the
incorporation of monovalent co-dopants, such as K* and Li*, acting as charge compensators. The phosphors were
synthesized via the solid-state reaction method. Phase analysis was performed using X-ray powder diffraction,
and the crystallite size was determined through Williamson-Hall plots. UV-visible spectroscopy was used to study
the absorption characteristics, which showed prominent peaks due to Sm?*" activator ions. The bandgap was
determined by the Kubelka-Munk function, which also allowed analysis of its changes with varying co-dopant
concentrations. Energy dispersive X-ray spectroscopy (EDS) and field emission scanning electron microscopy
(FESEM) were used to analyze the samples' elemental composition and surface morphology. Photoluminescence
(PL) measurement recorded enormous enhancement in the emission intensity in the presence of K* and Li* ions.
For a 0.05 mol Sm?*", maximum emission was achieved. Luminescence decay time has been recorded to lie in
microseconds. The thermoluminescence study also provided some essential details regarding various trap states,
densities, and their corresponding activation energy of charge carriers. The chromaticity coordinates of the Sm**
ions' characteristic red emission were determined, highlighting the phosphor's capability to emit within the desired
spectral range. These findings demonstrate that Sm**-doped Ca>Ga.GeO- phosphors co-doped with monovalent
ions are promising materials for use in red light emitting diodes (LEDs) and advanced display technologies.

2. Results

Fig. 1 presents the PL spectra of Sm®*-doped Ca,Ga,GeOy7, showing the influence of charge compensator ions
such as K* and Li* on the emission intensity. The PL spectra, as shown in Fig. 1(a) for Ca,xGa,GeO7:xSm*", with
a variation in Sm®* concentration (x = 0.01 to 0.07), exhibit the characteristic emission peak at ~600 nm due to
the “Gs/, — SHy, transition and additional transitions at ~570 nm and ~650-720 nm. This can be ascribed to the
increased emission intensity due to increases in concentration with Sm** ions until their optimum level around
0.05Sm?* has been achieved, followed by a decrease in the intensity due to the concentration quenching effects.
Fig. 1(b) shows examples of Caigs.,Ga,GeO7: 0.055m%, yK*, where an extra dosage of K (y=0 to 0.12 mol)
enhanced its related emission intensities against its reference Caj 9sGa;Ge07:0.05Tb% shaded in green. This is
due to the more efficient charge compensation, avoiding the non-radiative losses to equilibrate the charge
mismatch developed due to Sm** doping. Fig. 1(c) shows spectra of Cay g5.,Ga,Ge07:0.06Sm**, zLi* with Li* ion
as charge compensator (z = 0 to 0.12) [, Here, PL intensity is also increased, and the variation trend is similar to
K* doping. However, specific differences in optimal doping level and peak enhancements might be due to the
smaller ionic radius of Li* compared to that of K*. Indeed, both charge compensators effectively reduce the
quenching mechanism and enhance the luminescent efficiency, and peaks in Fig. 1(b) and Fig. 1(c) are more
intense compared to Fig. 1(a). These results underline the important role of charge compensator ions in the
optimization of Sm3*-doped materials for their photoluminescence properties for applications in lighting and
display technologies 2. Charge compensator ions play a significant role in improving the photoluminescence
properties of Sm**-doped materials, making them suitable for lighting and display applications(?.
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1. Introduction

The near-infra-red (NIR) photons used in the excitation of up-conversion (UC) luminescence materials are
transformed into a low wavelength emitted photon through multi-photon processes. Upconversion materials are
efficiently useful for solar cell energy conversion of IR light. Solar cells with upconversion material generate
electricity by IR light, which increases the conversion efficiency of solar cells. It is also useful for other
applications such as color displays, optoelectronics, sensor technology, imaging, biological labeling, UC lasers,
and so on [1-2]. With very high luminescence efficiency and excellent temperature sensing ability, the UC
phosphors may be best for use in practical applications. A rare earth-containing borate matrix is advantageous
because of its low cost and easily made singly made double fluorescent material. In this study, BasYb(BOs3); has
been chosen as the host as the selected material already has Yb®*ions in it. Therefore, it is interesting to explore
the effect of Er®*ions on the luminescence properties of this phosphor.

2. Results:

Fig. 1 shows the PXRD patterns of the undoped and x mol % Er¥* (x=1, 2, 4 6 mol. %) doped BasYb(BO3)s
phosphors along with the simulated XRD data of BasYb(BO3)s. The diffraction peaks of the doped samples at
different concentrations are very well matched with the diffraction patterns (simulated data) of the host which
corresponds to the hexagonal system with the space group P63cm. Observation of no additional impurity peak
corresponding to Er¥* confirms the incorporation of Ers* ions in the host matrix successfully by replacing the Yb3*
ions.

The UC spectra of undoped BasYb(BO3)3 and x mol % Er®* (x=1, 2, 4 6 mol. %) doped BasYb(BOs); phosphors
under 980 nm excitation are shown in Fig. 2. The UC spectra of the phosphors consist of a green and a red region.
The green region has a band centered at 525 nm and a number of sharp peaks from 515 nm to 580 hm, whereas
the red region consists of a number of sharp peaks from 630 to 710 nm arising due to the transitions from the
excited states 2Hi1s2, *Sap, “Far2 to the ground state *l;s, covering the whole visible region of the spectrum. The
spectra also depict that with the increase in Er3* ion concentration, the UC intensity increased continuously.
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Fig. 1 PXRD patterns of the undoped and Er** doped Fig. 2 Photoluminescence spectra of the undoped and Er®
Ba3Yb(BOs); phosphor along with the simulated standard data. doped BasYb(BO;); phosphor.
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Introduction

ZnO remains a preferred candidate for luminescent-based materials. It is believed that doping ZnO NPs could
generate suitable materials as light emitters and absorbers in the visible and infrared regions. The effect of co-
doping with divalent elements/ions of MgO and CdO with narrower bandgap can lead to defect emission and
enhance luminescence intensity as a compelling contender in optoelectronics devices [1].

Results and Discussion

Cdo.015M@0.10Zn0 8850 (CMZO) thin film with a self-textured growth and texture fraction (TF) of 95.8% for (002)
peak orientation along the c-axis is deposited on Si substrate using radio frequency (RF) magnetron sputtering
[2]. The crystal structure of the thin film and their crystallographic parameters from the Rietveld refinement
established a hexagonal wurtzite structure with a grain size of 34.34(2) nm and a smooth surface roughness of 2.8
nm (square root of the mean square). The optical band gap estimated for the thin film is 3.52 eV. At the same
time, the photoluminescence intensity was strong in the UV region with a broad yellow emission at 582 nm that
is optically active as defect emission of oxygen interstitial (Oi). Defect emissions of blue, orange, red, and near-
infrared intensities decreased compared to the yellow emission due to depletion of the recombination of photo-
generated holes or charge carriers [Error! Bookmark not defined.]. CMZO thin films hold great potential for
optoelectronic devices and applications in the UV and yellow regions.
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Fig.1: PL measurement of CMZO thin film
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1. Introduction

Upconversion (UC) luminescent materials doped with rare-earth (RE) ions have gained considerable attention for
applications in colour displays, optoelectronics, sensor technology, imaging, biological labelling, and optical data
storage. UC luminescence, involving the emission of high-energy photons through the absorption of low-energy
photons (anti-stokes luminescence), is widely used in fluorescence intensity ratio (FIR) techniques for optical
thermometry [1]. Conventional FIR methods rely on thermally-coupled energy levels (TCLs) within an energy
gap (2002000 cm™) obeying Boltzmann-distribution law [2], but this limits sensitivity due to the restricted energy
difference. In contrast, thermometers based on non-thermally coupled energy levels (NTCLs) overcome these
constraints, providing enhanced sensitivity without energy gap restrictions, thus offering greater flexibility and
optimal thermometric performance [3]. Pyrochlore oxides (A2B207) exhibit exceptional structural and chemical
adaptability, making them suitable for diverse applications. Their unique structure, an ordered variant of
disordered fluorite, is influenced by the size and charge of cations, particularly in lanthanide zirconates where the
A-site cation size dictates the crystal structure [4]. The transition between pyrochlore and defect fluorite phases
has been studied using X-ray diffraction (XRD), but a more detailed approach is required to fully understand the
local disorder and structural complexity. This work compares the structural and optical properties of RE-activated
LaZr,07 (LZO) exhibiting ordered pyrochlore phase and Y.Zr,0; (YZO) with defective fluorite phase
compounds synthesized via two methods namely, combustion (CMB) and microwave hydrothermal (MHT)
methods.

2. Results

The structural characterization through XRD results confirmed the successful formation of LZO and YZO, both
compounds with having the expected phases. The optical characterization studies, including photoluminescence
(PL) under ultraviolet (UV) excitation and UC PL under 980 nm and 1550 nm laser excitation, revealed distinct
luminescent properties. Under 378 nm excitation, both phosphor systems exhibited emissions spanning the visible
(500-725 nm) and near-infrared (900-1600 nm) regions, with peak intensities at 545 nm, 980 nm, and 1530 nm.
The UC PL results show enhanced green emission for Er¥*-Yb®* co-doped LZO and red emission for Er3*-Yh®*
co-doped YZO upon 980 nm laser excitation. Under 1550 nm laser excitation, the Er**-doped samples exhibited
superior luminescence compared to their Er®*-Yb3* co-doped counterparts. Optical thermometry studies found
that the Er¥*-Yb®* co-doped LZO prepared by the MHT method achieved a maximum absolute sensitivity of 54 x
10* K at 393 K (Fig. 1(a)) and 30.7 x 10* K* at 313 K (Fig. 1(b)) for 980 nm and 1550 nm laser excitations,
respectively. Similarly, the Er®*-Yb®* co-doped YZO sample prepared by the CMB method achieved a maximum
absolute sensitivity of 22 x 10 K at 433 K and 17.2 x 10* K at 353 K, respectively. Besides optical
thermometry studies, the brightest among the samples, i.e., Er¥*-Yb3* co-doped LZO synthesized via the MHT
method, demonstrated strong green luminescence under 980 nm laser excitation, offering potential for latent
fingerprint (LFP) detection applications (Fig. 2).
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1. Introduction

The present research deals with the upconversion emission behaviour of Er®*-activated Zn,GeO, phosphors
synthesized using a solid-state reaction technique. A series of phosphors have been prepared by changing the
concentration of the dopant to optimize the concentration for optical emissions.

2. Results

The phase formation of the Zn,GeQ, was confirmed through X-ray powder diffraction analysis with a negligible
effect due to the dopant [1]. The scanning electron microscopy analysis was performed to obtain the grain size
and their formations. Micro-sized, well-arranged grains were obtained throughout the phosphor.

Using 980 nm excitation, the effect of the doping concentration on the upconversion emission spectra has been
captured. The comparison of the upconversion emission showed that 3 mol% of Er®* was the optimum
concentration to be used in the present host to achieve maximum upconversion emission. To confirm the involved
upconversion process, a power dependence upconversion emission study was done, and the involvement of a two-
photon absorption process was responsible for the upconversion in the present investigation [2]. A schematic
energy level structure is proposed to display the observed upconversion emission of the Zn,GeO4:Er* phosphor.
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Fig. 18: SEM image for optimized Er** activated Fig. 2. UC emission for Er* activated Zn,GeO,
Zn,GeO, phosphors. phosphors excited by 980 nm.
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1. Introduction

Solar steam generation (SSG), which harnesses the abundant and clean energy of sunlight, has emerged as one of
the most promising technologies in addressing global freshwater scarcity [1]. One of the important applications
of SSG is in water purification and desalination, which are processes critical to ensuring access to clean water.
However, traditional SSG systems, which rely on sunlight to directly heat the entire bulk water, suffer from low
solar energy conversion efficiency and result in insufficient bulk water temperatures [2, 3]. To overcome these
limitations, researchers have explored a variety of solar absorbers including metallic nanomaterials [4], carbon-
based materials [5] , semiconductors, and polymers to develop more efficient, modern solar-driven evaporation
systems. A particularly promising approach involves nanofluid-based SSG systems, where plasmonic noble
metals like gold (Au) and silver (Ag) serve as direct-absorption solar energy collectors. In this study, Au and Ag's
nanostructures were coated with tin dioxide (SnO:), and their blended mixtures were assessed to develop enhanced
photothermal materials for solar steam generation.

2. Results

The ultraviolet-visible (UV-Vis) spectra in Fig. 1 revealed distinct surface plasmon resonance (SPR) peaks at 410
nm and 560 nm for the uncoated materials, indicating their characteristic plasmonic properties. In contrast, the
SnO--coated materials displayed a broader absorption profile spanning from 350 — 850 nm, highlighting the
impact of the SnO: coating on the optical behavior of the nanomaterial and the synergistic effects of material
blending. Transmission electron microscopy (TEM) images in Fig. 2 showed that the SnO.-coated Ag-Au
nanomaterials in sample A were fully encapsulated within the SnO: layer, presenting a uniform and well-defined
structure. Conversely, the uncoated Ag-Au nanomaterials in sample B exhibited a diverse range of sizes and
shapes, as expected. The figure also demonstrates the color variations between the two samples: the coated
nanomaterials exhibit a pale-gold hue, while the uncoated materials show a clear-gold color. These observations
further highlight the influence of SnO2 encapsulation on the optical and structural properties of the nanomaterials.
Under 1.3511 Suns, solar steam generation efficiencies were 10.87, 10.71, and 10.32 for SnO.-coated materials,
uncoated materials, and pure water, respectively. Additionally, SnO.-coated nanofluids showed a higher heat
capacity (7734.12 J/°C-Kg) compared to CTAB-coated nanofluids (7709.25 J/°C-Kg) and pure water (4200
J/°C-Kg), demonstrating superior thermal performance.
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Fig. 19: The UV-Vis spectra of SnO,-coated and uncoated Fig. 2: TEM images of silver-gold (Ag-Au)
silver-gold (Ag-Au) blended nanomaterials in colloidal nanomaterials: (A) SnO.-coated sample and
solutions. (B) uncoated sample.
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1. Introduction

Phosphor materials research has gained prominence due to the prospective applications of rare-earth (RE®*) ions-
activated phosphors in sensors, displays, and lighting. Low power consumption, high luminous efficacy, and
environmentally friendly characteristics make phosphor-converted white light-emitting diodes (pc-wLEDS)
attractive. The most accepted and commercially available pc-wLEDs are based on combining a blue-chip and
yellow phosphor or a blue-chip, green, and red phosphor. However, the emitted white light from commercial
LEDs suffers several disadvantages. Due to the lack of favourable components, they exhibit a highly correlated
colour temperature (CCT 6000-8000 K) and a low colour rendering index (CRI < 80) [1]. The drawback of this
technology has led researchers to focus their attention on synthesizing efficient red phosphors. Some hosts used
as a part of RE**-doped red-emitting phosphors are titanates, molybdates, fluorides, tungstates, germinates, and
silicates. The possibility of using RE**-doped phosphors in solid-state lighting and colour displays has greatly
interested all RE®* ions, particularly blue and yellow-emitting trivalent dysprosium (Dy?*) ions. The Dy** ion is a
vital activator whose emissions centres are based on the advantage of simultaneously emitting (*Fo2 — ®Hisp),
(4Fg/2 — 6H13/2), (4Fg/2 — 6H13/2), and (4Fg/2 — 6Hg/z) electronic transition emissions in the ultra-violet (UV), blueish
green, yellow, and red wavelengths [2]. This work reports a new example of a Dy3*-activated Zn?*-based lattice
structure, namely La,ZnTiOs. The blue-emitting phosphors exhibit emission colour-tuneable behaviour. An in-
depth investigation of the effect of Dy®* ions on luminescence properties was conducted. The results indicated
that it would be a suitable component for pc-LEDs that emit yellow light.

2. Results

X-ray diffraction results indicated that all La;ZnTiOg:x%Dy®* (0 < x < 7.0) nanophosphors exhibited monoclinic
crystal structures. The UV-Vis spectra revealed that the reflectance spectra were dominated by absorption edges
around 300 to 400 nm and 740 to 960 nm. Fig. 1 illustrates the emission spectra of La,ZnTiOg:x%Dy3* (0 < x <
7.0) nanophosphors after monitoring the excitation at 264 nm. Four emission bands were observed at 481, 575,
664, and 752 nm which are attributed to Dy®* electronic transition [2]. The International Commission on
[llumination (CIE) colour chromaticity diagram obtained from the emission spectra is shown in Fig. 2. The
undoped La,ZnTiOg displayed a white-yellow colour. At the same time, after doping with the x mol% of Dy**,
there was a slight shift to yellow colour emission.
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7.0) nanophosphors.
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1. Introduction

Luminescent rare earth activated phosphor materials have transformed the perspective of photonics with
applications in the fields such as light-emitting diodes, illumination, display technologies, optoelectronic devices,
and biomedical [1]. Samarium (Sm®*") and Terbium (Tb®*) are excellent activators for red and green-emitting
phosphors, respectively. They show emissions at 552 and 610 nm assigned to °Ds — Fs and *Gsp — SH7p
transitions of Th®" and Sm?, respectively [2]. ZnosCaosAl,04 doped with 0.1%Th® and co-doped with Sm3* were
prepared by sol-gel method and the effect of annealing temperature was investigated. The crystal structure was
confirmed by x-ray diffraction (XRD) and the functional groups were identified by Fourier transform infrared
spectroscopy (FTIR). The particle morphology and elemental composition were analysed by scanning electron
microscopy (SEM) and energy dispersive x-ray spectroscopy (EDS), respectively. The luminescence
characteristics of nanophosphors were analysed by photoluminescence (PL).

2. Results

Fig.1 presents the PL excitation and emission spectra of nanophosphors monitored at the emission wavelength of
552 nm, and the excitation peak located at 238 nm, corresponds to the "Fs — °Dy transition of Th%*. The sample
annealed at 1200 °C has a relatively high intensity at around 428 nm (°D4—"Fs) transition of Tb®*. In Fig. 2 under
the emission wavelength of 610 nm, two excitation peaks located at 369 and 408 nm ascribed to ®Hs; — 4Ggp,
8Py, transitions of Sm3* ions were acquired [3]. The 408 nm excitation wavelength produced several peaks at
around 573, 610, 660, and 705 nm assigned to “Gs;,—®Hs/2, *Hzs2, ®Hope, and ®H1sy2 transitions of Sm3*, respectively.
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1. Introduction

This work addresses the challenge of characterizing the chemistry and electrical performance of sodium-ion
supercapacitors (SCs) and batteries, driven by growing interest in alternatives to lithium-ion technology. The
primary objective is to design and implement a cost-effective, microcontroller-based instrument for accurate, real-
time voltage and current characterization of these devices. The developed system connects to a computer via a
USB interface for data transmission, processing, and storage, enabling rapid electrochemical analysis through
cyclic voltammetry. The design prioritizes affordability while achieving performance comparable to commercial
instruments. The instrument automates the charging and discharging of electrochemical devices using switchable
constant currents, controlled by an Arduino Uno microcontroller and electromechanical relays. Key parameters,
including capacitance, equivalent series resistance (ESR), energy density, and power density, are evaluated.
Circuit designs were developed and simulated in LTSpice before construction, with a commercial 20F/2.5V SC
serving as a test standard. Measurements on the standard SC yielded capacitance values between 18-22 F, stored
energy between 43.56-53.24 J, and an ESR of 5.59 Q, aligning well with commercial specifications. Oscillatory
behavior observed during high-current discharges highlighted SC degradation. After calibration, the instrument
was used to characterize fabricated SCs in practical applications, such as powering light-emitting diodes (LEDs)
and resistive loads. The SCs demonstrated energy capacities up to 4750 mAh and powered LEDs for several hours.
Comparative measurements using a commercial digital multimeter validated the accuracy of the instrument. The
results confirm the developed reliability and utility of the instrument for SC evaluation while identifying
challenges such as self-discharge, temperature sensitivity, and scalability for practical use. This work establishes
a foundation for future research and development in affordable characterization tools and energy storage
technologies.

2. Results

Testing with a commercial 20F/2.5V SC vyielded results aligning with specifications, confirming accuracy. The
instrument was further used to characterize fabricated SCs, demonstrating energy capacities up to 4750 mAh and
successfully powering LEDs for hours. Comparative measurements with a commercial multimeter validated the
instrument's performance.
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1. Introduction

Although SnO; is documented as a prominent transparent conducting oxide (TCO) due to its high electron
mobility, chemical stability, and very high transparency in the visible region, it is not applied for luminescent
applications. This restricts its use in multifunctional devices that need both conductivity and luminescence
properties. Doping SnO, with rare-earth (RE) ions such as Eu®* may add luminescent properties, resulting in dual-
functional luminescent TCO material, thus leading to new paossibilities for applications in transparent displays,
sensors, as well as advanced optoelectronic devices. One of the important components required for the solution
combustion synthesis (SCS) of oxide materials, besides an oxidizer (e.g. metal nitrates) and the correct
temperature, is fuel. Urea is regarded as an ideal fuel [1]. The stoichiometric compositions of fuels and oxidizers
are important since they affect the oxide material’s properties, and therefore studying this effect could yield vital
information on producing optimized alternative TCOs for practical applications. In this study, the SnO, powders
were synthesized using the SCS method where tin nitrate was the oxidizer and the fuel used was urea.

2. Results

Optical studies were performed using photoluminescence (PL) spectroscopy to investigate the role of fuel
composition as well as Eu3* dopant concentration on the luminescence properties of the synthesized SnO2:Eus*
phosphor powder samples. Emission spectra were recorded at excitation wavelengths of 300 nm (Fig. 1) and 394
nm (Fig. 2) for the samples prepared using urea (U) at different fuel amounts (L = low, S = stoichiometric, H =
high) and with different Eu®* concentrations of 0.2 mol% and 2 mol%. In Fig. 1, the most intense spectrum was
observed for the sample prepared with a low (L) fuel amount and a dopant concentration of 0.2 mol%, whereas
the sample with 2 mol% Eu®* concentration and low fuel amount resulted in the most intense spectrum in Fig. 2.
The symmetry of the SnO; lattice sites occupied by Eu®* ions is represented by the presence and relative intensities
of the Eu®* peaks [2]. The luminescent intensity of a Eu* peak depends on the host crystal, and this dependence
alludes to the transfer of energy from the SnO; crystal to the Eu®* ion. The predominant transition in Fig. 1 is the
magnetic dipole (MD) transition Dy — 7F;, indicating that the Eu®* ions are located at a site with inversion
symmetry/centrosymmetric site [3]. In Fig. 2, however, the electric dipole (ED) transition Dy — 'F is the
dominant transition, meaning that the Eu®* ions are occupying non-centrosymmetric sites, possibly located at
interstitial and/or distorted sites of the SnO, host lattice.
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Fig. 22: Emission spectra of Eu-doped SnO; acquired at Aex = 300 nm Fig. 2: Emission spectra of Eu-doped SnO, acquired
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1. Introduction

The study of transition metals has gained significant attention in the last decade due to their unique properties
including durability, magnetic characteristics, and conductivity. Among these metals, titanium has been
extensively researched for Schottky barrier diodes (SBDs) due to its thermal stability and low contact resistance,
while chromium, despite its high work function (4.50 eV) and valuable surface magnetic and adhesive properties,
has been less commonly used as a Schottky contact [1]. Metal-semiconductor (M-S) SBDs are crucial components
in electronic devices, with applications ranging from rectification to signal conditioning [2]. The performance of
these devices depends not only on the metallic contacts but also on the substrate materials and deposition
techniques used in their fabrication. Research on Cr SBDs evaporated on n-Si by electron beam deposition, and
their behaviour under cryogenic as well as room temperature irradiation remains limited and needs to be
investigated. Temperature-dependent current-voltage (V) and capacitance-voltage (CV) characteristics of Cr/n-
Si SBDs were measured in the temperature range of 60 — 300 K, before and after irradiation with alpha particles
from an 5.4 MeV 2*Am source at a fluence of 1.3 x 10 cm™2,

Chromium SBDs of thickness 1000 A were evaporated via electron beam deposition on n-Si. The SDBs fabricated
were initially characterized by IV, CV and DLTS to confirm the diodes’ suitability. Post-irradiation
characterization by IV, CV, and DLTS measurements was also employed to understand the effect of measuring
temperatures as well as irradiation on current transport, barrier inhomogeneity, and defects in diodes. A
morphological study was also carried out.

2. Results

The reverse leakage current decreased with decreasing temperature as shown in Fig. 1, indicating the inactivity of
deep-level defects at lower temperatures. Alpha-particle irradiation led to slightly more noticeable lateral
inhomogeneity in the Schottky barrier height at the interface of Cr and n-Si, causing a deviation in the modified
Richardson constant from the theoretical value (112 A.cm=2K2). Despite the presence of deep-level defects
obtained by deep level transient spectroscopy as shown in Fig. 2, the Cr/n-Si SBDs exhibited resistance to alpha-
particle irradiation, which suggests their potential for use in temperature-varying environments.
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Fig. 23: The semi-logarithmic IV characteristics of the Cr/n-Si Fig. 2: The DLTS spectra of defects induced in n-Si after
SBDs. irradiation.
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1. Introduction

This study presents a comprehensive analysis of SrAl,O4 phosphors synthesized and characterized through X-ray
diffraction (XRD), photoluminescence (PL), and UV-Vis spectroscopy. The XRD analysis revealed the successful
formation of monoclinic SrAl,O4 with prominent peaks (CIF file-2002284) at 26 angles of 28.38°,29.28°,29.91°,
34.80°, and 35.11° at an annealing temperature of 1600°C. This indicates the successful crystallization of the
desired phase, while unreacted SrCO3; was observed at lower temperatures, suggesting incomplete reaction and
the necessity for high-temperature annealing to achieve phase purity [1].

The structural effects of Eu?* doping were thoroughly examined, demonstrating interesting trends. At low Eu?*
concentrations, lattice contraction was observed, likely due to the substitution of Sr?* with the smaller Eu?* ions
[2]. As the doping concentration increased to intermediate levels, lattice expansion occurred, which could be
attributed to the stress relief and redistribution of Eu?* within the lattice [3]. However, further doping, saturation,
and clustering effects were noted, suggesting that excessive Eu?* leads to aggregation rather than further
incorporation into the lattice, potentially impeding luminescent efficiency. Photoluminescence (PL) analysis
highlighted the optimal luminescent properties of SrAl,Q4: Eu?* synthesized through a two-step calcination and
annealing process. This method ensured the complete reduction of Eu®* to Eu?* in Ar-5%H, using a Chengyi-1700
ceramic furnace with a gas mixture, which was critical for achieving strong luminescence. The PL results showed
enhanced emission intensity, indicating the effective role of the synthesis process in optimizing the luminescent
properties. The 1.0 mol% Eu?* doped sample (Fig. 1) was identified as the optimal candidate for enhanced
luminescent applications, as it exhibited superior luminescent intensity and stability.

UV-Vis spectroscopy results in Fig. 2 supported the PL findings by showcasing distinct absorption features
attributed to Eu®* doping. The absorption spectra exhibited characteristic bands corresponding to Eu?* (4f-5d),
reinforcing the successful doping and its impact on the optical properties of the phosphor.

Complementary analyses, including Scanning Electron Microscopy (SEM) and Time-of-Flight Secondary lon
Mass Spectrometry (TOF-SIMS), further corroborated these findings. SEM provided insights into the morphology
and uniformity of the phosphor particles, while TOF-SIMS offered detailed compositional analysis, confirming
the homogeneous distribution of Eu?* within the SrAl,O4 matrix. Additionally, X-ray Photoelectron Spectroscopy
(XPS) analysis was employed to further validate the oxidation state of europium in the sample. The XPS results
confirmed the presence of Eu?*, which is crucial for the phosphor's luminescent properties. This comprehensive
study underscores the importance of precise synthesis and doping strategies in optimizing the optical properties
of SrAl,O. phosphors, paving the way for their application in advanced luminescent technologies.

2. Results
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Fig 1: PL of Eu?" doped SrAl,O, excited at 360 nm Fig 2: The reflectance and absorption of the SrAl,Q,: Eu?*
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1. Introduction
This study explores a green, in-situ solvothermal exfoliation of bulk g-C3N4 into nanosheets, enhancing

photocatalytic degradation of CR and TC under sunlight without secondary pollution [1-3]. This study presents a
novel approach to exfoliate and dope bulk g-C3N4 (CN) with heteroatoms, generating free oxygen ions (O>) and
significantly enhancing its optoelectronic and physicochemical properties. The bulk CN transformed from thick
multilayers into 2D ultrathin nanosheets and 1D nanotubes, improving band structure, pore network, surface area,

and charge carrier separation.

2. Results
The exfoliated CN (CN-48) achieved 220% and 180% higher degradation rates for CR and TC, respectively,

compared to bulk CN. The total organic carbon and chemical oxygen demand is 70% and 74%, respectively. CN-
48 maintained sustainable CR (98%) and TC (93%) degradation over five cycles. This eco-friendly method offers
a superior, scalable pathway for enhanced photocatalytic performance under sunlight.
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1. Introduction

Among the many applications, ZnO has potential for use in dye-sensitized solar cells (DSSCs), light-emitting
diodes, and chemical sensors. Well-aligned ZnO nanorods (ZNRs) are suitable for use in DSSCs because they
provide larger surface areas than bulk ZnO and ZnO films required to provide anchoring sites for the dye.
Additionally, ZNRs provide a direct conduction pathway for charge transfer from the position of electron-hole
pair generation to the collecting electrode [1]. To understand better the properties of the ZNRs grown on the
Gallium-doped ZnO (GZO) transparent conductive film by chemical bath deposition, herein, we showed that
doping of ZNRs with various amounts of 0.5, 1, 1.5, 2, 3, 5 mol% Ga, modifies the structural, optical and
morphological properties of ZNRs. The SEM images showed that all undoped and variously doped ZNRs were
well-aligned and effectively established on the GZO seed layer. The average length and diameter of the nanorods
were approximately 1 xm and 90 nm, respectively. X-ray diffraction patterns showed that the estimated crystallite
size increased with the concentration up to 3 mol% Ga and it decreased again at the higher concentration of 5
mol% and was in the order of 100 nm. It was found that the peaks of all the samples related to the wurtzite structure
Zn0O (100), (002), and (101) diffraction peaks. The well-pronounced (002) peak indicates that the nanorods were
preferentially oriented in the c-axis direction. Under UV (325 nm He-Cd Laser) excitation all samples yielded
good luminesce and revealed excitonic emission as well as deep-level emission of ZnO. The PL intensity increased
with the Ga 3+ ions concentration up to 3 mol% and then decreased with a further increase of the doping
concentration. The DLE peak shifted significantly to higher excitation wavelength with concentrations of added
Ga as shown in Fig 1. The band gap was found to decrease from 3.29 eV to 3.25 eV, Fig 2, with an increase in Ga
amount added pointing to an inverse relation between the optical band gaps and Ga-doping concentration. The so-
grown optimized Ga-doped ZNRs semiconductor achieved at 2 mol% Ga, along with the underlying GZO seed
layer, offers a promising combination for the manufacture of the photoelectric component of DSSCs.

2. Results
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1. Introduction

The controlled incorporation of dopants like copper into ZnO nanorods (ZNRs) grown by chemical bath
deposition (CBD) is still challenging despite its critical importance for the development of optoelectronic devices
such as dye-sensitized solar cells (DSSCs), and piezoelectric devices (1). In this context, the effects of different
sources of copper precursor on material properties of the ZNRs during the CBD of ZNRs grown on Ga-doped
ZnO (GZO) seed layers is investigated in detail. The present findings provide a deep insight into the
physicochemical processes at work during the CBD of ZNRs following the addition of different sources of copper
precursor. The study also explores how the varied copper sources affect the incorporation of Cu into ZNRs, which
is considered beyond the electrostatic forces usually driving the incorporation of dopants such as Al and Ga. X-
ray diffraction, scanning electron microscopy, UV-Vis, and photoluminescence (PL) are used to characterize the
properties of pure-ZNRs (ZNRs), copper (I1) nitrate-doped ZNRs (CNZNRs), copper (I1) sulphate-doped ZNRs
(CSZNRs) and copper (I1) chloride-dope ZNRS (CCZNRs). The structural investigations confirmed that all
samples grown had wurtzite hexagonal structures and that the c-axis was the sole orientation of growth. The
CNZNRs presented the sample with the highest crystallinity and lowest strain. SEM images showed miniaturized
morphology for the CCZNRs sample but well-formed and aligned CCZNRs and CNZNRs counterparts, Fig. 1(a)
and (b). Similarly, good luminescence and a low density of deep-level defects as marked by high PL emission
intensity ratios were observed for ZNRs, CNZNRs, and CSZNRs in that order, but diminished luminescence in
the case of copper chloride doping. The optical analysis displayed the highest percentage transmittance for
CNZNRs and a red shift in the absorption edges and peaks with changes in Cu-dopant precursor. The bandgap
values were observed to increase from 3.27-3.29 eV corresponding to ZNRs and CCZNRs. CNZNR samples
exhibited enhanced crystallinity, good alignment, density, and good emission characteristics compared to the
ZNRs and those doped with other Cu sources. Thus, the CNZNR semiconductor, along with the underlying GZO
transparent conducting seed layer offers a promising combination for the manufacture of the photoelectric
component of DSSCs.

2. Results
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Fig. 1(a) cross-sectional view SEM image for CCZNRs Fig. 25(b) cross-sectional view SEM image for
grown on GZO seed layer CNZNRs grown on GZO seed layer
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1. Introduction

The substitutional boron-vacancy complex (BsV) is investigated using density functional theory. The results of
these theoretical calculations are compared to previously done experimental as well as computational studies. All
calculations were performed using spin-polarized density functional theory (DFT) using optimized norm-
conserving Vanderbilt Pseudopotential and Quantum Espresso. All calculations were performed using a 216-atom
supercell and sampled at gamma point. The electronic structure of the second nearest neighbour configuration of
the defect is investigated and compared with the previously done EPR study by Watkins [1]. The metastability of
the defect is also investigated and compared to previous calculations performed by Jones et. al [2]. It is shown
that in both the neutral and negative charge states, the lowest energy configuration is the second nearest neighbour
configuration with C; symmetry. In the positive charge state, the second nearest neighbour configuration with Cipn
symmetry is found to be the lowest energy state.

2. Results

It was found that the second nearest neighbour configuration had lower energy than the first nearest neighbour
configuration for each charge state. In the case of the negative and neutral charge state, the configuration with C;
symmetry was found to have the lowest energy, while in the case of the positive charge state, the configuration
with Cin symmetry was found to have the lowest energy. This can be explained by the removal of the dangling
bond when in the positive charge state and is in accordance with the model first proposed by Watkins [1]. In [2]
it was shown that in the positive charge state the second nearest neighbour configuration with C1 symmetry is
almost degenerate with the C1, configuration, however in our work, we have shown that these configurations have
a 0.1 eV difference between these two configurations. This discrepancy can be explained using different
pseudopotentials to perform DFT calculations.
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Fig. 26: Energy of the second nearest neighbour configuration (Cin to C1) in different charge states.
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1. Introduction

Phosphor materials have been widely studied in both science and industries for applications in solar cells,
fingerprint detection, white light-emitting diodes, and temperature sensing®. In the field of luminescence,
phosphor thermometry makes use of temperature-sensitive powders known as thermographic phosphors. These
powders consist of a host material doped with a known percentage of rare earth, transition, or post-transition metal
ions that act as the activators2. Traditional contact temperature monitoring devices, such as thermocouples and
liquid-filled thermometers, have slow response times and low-temperature resolution®. The incorporation of
thermographic dual emitting centers such as Ce®* and Eu?* in certain host materials is being studied across the
globe*. However, there have been limited studies on phosphate-based phosphors that investigate morphology and
use the luminescent intensity ratio (LIR) technique, which has the capability to improve the response time,
temperature resolution, and stability of the optical thermometer.

2. Results

A series of colour-tunable Cas(P0O;)20:3%Ce®*/y%Eu?* (y = 0.1, 0.3, 0.5, and 0.7 mol %) phosphors were
synthesized using the solid-state reaction method at a fixed temperature of 1350 °C for 12 h. The excitation spectra
(Aemi = 427 nm) showed broad bands with a maximum at 322 nm assigned to the 4f-5d transitions, as shown in
Fig.1. Under 322 nm excitation, the luminescence emission spectra of the phosphors exhibited two broad bands
in the blue and red wavelength regions (Fig. 2), assigned to the 5d — 4f transitions of Ce** and Eu?*, respectively.
Through energy transfer from Ce® to Eu?*, a wide range of tuneable emission colours spanning from blue via
white to pale orange were achieved. X-ray photoelectron spectroscopy confirmed the presence of Ce** and Eu?*,
which supports the dual (blue and red) emission observed from photoluminescence spectra. The temperature-
dependent photoluminescence (TDPL) of Cas(PO4).0:3%Ce%, 0.7%Eu?", measured in a temperature range of
303 to 423 K, using the LIR method, showed absolute and relative temperature sensitivities of 0.55x102 K-t at
370 K, and 1.05 %K at 423 K, respectively. The quantum yield and lifetime of the materials decreased from 43
% to 24 % with an increasing Eu?* concentration.
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Fig. 1: PL excitation of Cas(POs).0: 3 % Ce*/ Fig. 2: PL emission of Cas(PO,),0: 3 % Ce*/ yEu*
yEu?*monitored at an emission wavelength of 427 nm. monitored at an excitation wavelength of 322 nm.
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1. Introduction

Titanium tellurium oxide (TiTe;Os) is a versatile semiconductor metal oxide that has been explored and revealed
numerous applications in optical storage, deflectors, laser devices, dosimeters, and gas sensors. A relatively high
purity TiTe;Og was prepared by solid-state reaction method sintered at 700 °C for 2 hours (h). The structural
properties were examined by X-ray powder diffraction (XRPD). Scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) were used to investigate particle morphology. Furthermore, the
elemental composition of this prepared material was explored by energy-dispersive X-ray spectroscopy (EDS).
The strongest ultraviolet (UV) absorption was witnessed from the diffuse reflectance spectroscopy (DRS)
measurements. The luminescence characteristics showing broad blue emission upon the UV excitation were
analysed by photoluminescence (PL).

2. Results

Fig. 1 presents the XRPD patterns of TiTe;Os nanostructures prepared by various molar ratios of TiO» and TeO».
The structure confirmed a cubic phase of TiTe3Os (see Fig. 2) with a space group Ia3, and the XRPD patterns were
indexed by JCPDS card: 70 — 2439. Most peaks belonging to TiTe3Og were marked with (%), while other peaks
were induced by (¢) TeO; and (¥) TiO-anatase, as these were used as reagents during the reaction.

‘ ——3:1 TeO,/TiO,
‘ ——1:3 TeO,/TiO,

——1:1 TeO,/TiO,

Intensity /arb.units

20 25 30 35 40 45 50 55 60 65 70 75 80 85 Fig. 2: Cubic crystal structure of TiTezOg drawn by VESTA.
20/°

Fig. 1: XRPD of TiTe3Og nanostructures.
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Luminescent metal—organic frameworks (MOFs) exhibit great potential as materials for nanophotonic
applications because of their programmable properties and tunable structures. In particular, luminescent guests
(LG) can be hosted by MOFs due to their porosity and guest confinement capacity, forming the LG@MOFs

composite system.

We have developed silicon quantum dots (Si QDs) encapsulated with various concentrations of europium (Eu) in
the ZIF-8 (Si QDs@EZIF-8) network resulting in higher PLQY (7%). By encapsulating Si QDs and Eu ions using
ZIF-8, we can tune their emission wavelengths from blue to visible light, thus covering a broad range of visible
spectrums in solid-state conditions. This encapsulation technique could effectively prevent the aggregation-caused

quenching (ACQ) effect.

2. Results

By applying various pressures ranging from 1-7 tons, the Luminescence effect was enhanced. The applied pressure
of 3 Ton reduced fluorescence intensity in all composites, and an increased pressure of 7 Ton gradually increased
fluorescence. The study opens new avenues for tailoring LG@MOF applications under varied pressure conditions,
which can guide future research.
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Fig. 27: Excitation and Emission mapping of SiQDs@0.5EZIF-8 under various applied pressures.
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1. Introduction

In this study, compact-TiO, capped with meso-TiO; electron transport layers (ETLS) were grown via spray
pyrolysis, with deposition time controlling layer thickness and morphology. Deposition times of 15-60 s
optimized FTO/c-TiO; and FTO/c-TiO/m-TiO2 ETLs. X-ray diffraction confirmed a crystalline rutile c-TiO;
structure with structural crystallinity increasing with thickness. Crystallite size improved from 22 to 24 nm, while
defect and dislocation densities decreased. SEM showed full surface coverage with compact grains, grain sizes
ranging from 195.57-242.34 nm for c-TiO, and decreasing to 15.74 nm for m-TiO; at higher deposition times.
UV-Vis spectra showed limited visible-light absorption, with no photoluminescence peaks. Electrical
measurements revealed improved conductivity (3x10%-1.18x107 S/m) and reduced resistivity. The 7 s m-TiO;
film exhibited the best conductivity, enhancing charge carrier mobility (1.059x10%-2.523x10% cm?V/-1s-1). These
improvements suggest meso-epitaxial TiO, films enhance TiO, ETL-based inorganic perovskite solar cell
performance.

2. Results

The optical characteristics of c-TiO- thin films are shown in Fig. 1 (a-d). Fig. 9(a) depicts the UV-Vis absorption
spectra of ¢-TiO; thin films with varying deposition for controlled thickness. All films exhibited characteristic c-
TiO; absorption peaks at 430 and 432 nm, consistent with the literature report [1]. Notably, the absorption of the
films confirmed improved transparency, with a significant absorption reduction between 380 and 450 nm. This
reduction was attributed to the wide bandgap of TiO, polymorphs [26], leading to high-quality ETL films in
PSCs.
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Fig. 28: UV-Vis’s measurement showing (a) absorption spectra, (b) Tauc’s plot for direct, (c) indirect bandgap, and (d)
a comparison of bandgap optical properties of FTO/c-TiO; rutile thin films deposited using spray pyrolysis.
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1. Introduction

Rare earth ions (RE®*) doped nanophosphors have emerged as materials with great potential in light-emitting
diode (LED) manufacturing [1]. Although investigations have been done on single-phase host materials, little has
been explored on the mixed phases [2-5]. Mixed phases might result in new and advanced phosphor materials
with the combined properties of their bulk counterparts. For example, Yuan et al. [3] showed that the mixed oxide
Zn0/ZnAl;O4 has excellent stability and much higher photocatalytic activity than their bulk oxide counterparts.
This study investigates the effect of varying annealing period on the structure, morphology, and optical properties
of CaAl,04/BaAl;04:0.1% Eus*,

2. Results

CaAl,04/BaAl;04:0.1% Eu®* mixed phases nanophosphors were successfully synthesized via the citrate sol-gel
method. The effect of varying annealing period on the structure, morphology and photoluminescence properties
of the prepared nanophosphors was investigated. X-ray diffraction (XRD) suggested that the prepared
nanophosphor consists of hexagonal (CaAl.O,and BaAl;0.). Scanning electron microscopy (SEM) revealed that
the morphology of the prepared nanophosphors depends on the annealing period. Energy dispersive spectroscopy
(EDS) confirmed the expected elements being Ca, Ba, Al, O and Eu. Transmission electron microscopy (TEM)
confirmed that the prepared phosphor particles are in the nanoscale range. Photoluminescence (PL) results in Fig.
1 shows the emission spectra of MgAl,O.. The results showed emission peaks, which are ascribed to the intrinsic
defects within the CaAl,O4, BaAl,O4 and Eu®* transitions.
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Fig. 29: the emission spectra of CaAl,0,/BaAl,0,:0.1% Eu®*
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1. Introduction

The internal photoluminescence quantum yield (PLQY) of a luminescent material is defined as the ratio of the
number of photons emitted to the number of photons absorbed by a material. This is a crucial parameter in various
fields of physics, chemistry, and engineering, including photocatalysis, photovoltaics, and luminescence studies.
Accurate PLQY measurements are essential for material characterisation and device optimisation. However,
discrepancies can arise due to variations in instrumentation, calibration procedures, and sample preparation
techniques between different laboratories and setups [1,2]. Additionally, variations in PLQY measurements can
also arise due to systematic errors related to sample-specific properties. To address these challenges in improving
the accuracy of PLQY measurements, commercial Y3Als01,:Ce phosphor (with manufacturer PLQY specification
of 97 %) was measured using two different integrating sphere setups at the institutions of the authors (University
of the Free State (UFS) and Karlsruhe Institute of Technology (KIT)) to evaluate the measurement variability.
Additionally, the influence of different sample holders, sample concentration, and possible correction analysis
was investigated.

2. Results

The PLQY was measured at UFS using an Edinburgh Instruments FLS980 system with excitation at 455 nm. As
shown in Fig. 1a this system is equipped with a Xe lamp as an excitation source and utilises a powder tray to load
powder samples. The result obtained agreed with the manufacturer’s specification of 97%. The measurements
carried out at KIT using a custom-built system, as shown in Fig. 1b with LED excitation at 450 nm, gave a close
value PLQY of 95.2% for the same material. However, this configuration requires an additional powder sample
holder such as a borosilicate tube, cuvette, or capillary. Analysis of the deviation between these two geometries
highlights the importance of minimising the specular reflection of the LED excitation from the sample and sample
holder and reducing the re-absorption of the luminescence within the integrating sphere. Error propagation
analysis [2] and the effect of sample concentration when diluted with non-luminescent BaSO4 were investigated
and discussed.
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Fig. 30: Schematic illustration of the PLQY measurement system configurations: a) UFS, utilising the Edinburgh Instruments FLS980 system,
and b) KIT, utilising a custom-built system.
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1. Introduction.

Benzene, toluene, ethylbenzene, and xylene (BTEX) are lethal volatile organic compounds derived from the
refining of crude oil and burning of coal. We interact with these gases in our living spaces as they are emitted by
paints, adhesives, and pesticides. Long-term exposure to BTEX results in serious health problems, and even death
[1]. Monitoring and early detection of low concentrations of these gases are of great importance. Thus, over the
years efforts have been made to fabricate materials with high selectivity, great stability, sensitivity, low energy
consumption, and fast response/recovery time. Often, problems associated with most materials are the poor
sensitivity and selectivity towards the BTEX gases and high operating temperature. The study aims to address
these issues by utilizing the properties of strontium titanate perovskites (SrTiOs) and MXenes (TisC,Tx, Tx= -0,
-OH, -F), by creating a SrTiOs/MXene heterostructure with improved electronic and optical properties for superior
BTEX gas sensing characteristics.

2. Results

Strontium titanate (SrTiOs) perovskite nanostructures were synthesized via the hydrothermal method, while
TisCoTx was synthesized through the in-situ LiF/HCI method. Subsequently, composite SrTiOs/MXene was
synthesized by varying the precursor’s concentration and physically mixing SrTiOs with TisC,Ty, respectively.
X-ray powder diffraction confirmed the cubic (Pm3m) structure and the layered hexagonal structure for SrTiO3
and TisC,Tx respectively (see Fig. 1). The observed peaks of the composite also confirmed the presence of each
constituting material indicating a correctly formed heterostructure. Scanning electron microscope images showed
that the SrTiOs favored nanospheres, and the MXene favored a sheet-like morphology. The SrTiOs/MXene
composite had a homogenous dispersion of the nanospheres on the nanosheets. UV-Vis diffuse reflectance of the
SrTiOs samples showed to be highly reflective with an absorption edge around 385-390 nm. while the TisC,Tx
has an absorption in the infrared region. Moreover, using the Kubelka-Munk function the indirect band gap of
3.21 eV was estimated for pure SrTiOs. The MXene showed a very narrow direct band gap of 0.89 eV while, the
SrTiOs/MXene composite showed a band gap of 2.59 eV, which confirmed the incorporation of the SrTiO3 into
MXene. The SrTiOs/MXene composite is proposed to perform prominent gas sensing with enhanced sensitivity
attributed to the narrow band gap allowing easy flow of the electrons to the conduction band.
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1. Introduction

Carbon monoxide (CO) is a flammable and explosive gas generated by the spontaneous combustion of coal at low
temperatures in coal mines. Naturally, CO is considered an indicator gas for monitoring natural coal combustion
[1]. Itis also hypertoxic to human health. As a result, a maximum permissible level of 35-50 ppm is permitted for
8 h, or else it will result in nausea, dizziness, shock, and even death if not regulated [2]. The ability to reliably
monitor CO gas levels is thus imperative. Various studies have reported the formation of heterostructures where
both p-type and n-type are combined at the interface to achieve overlapping or closer Fermi energy levels,
resulting in increased charge transfer and a broader depletion layer and thus leading to improved sensing
performance [1]. Thus, the current study focuses on the fabrication of n-p SnO./Cr.0s and p-n Cr205/SnO:
heterostructures for the detection of CO utilizing the hydrothermal synthesis method, followed by calcination at
450 °C for 3 h.

2. Results

The structural studies confirmed the formation of n-p and p-n heterostructures of SnO2/Cr.0s and Cr205/SnO-
nanostructured materials. Scanning electron microscopy analysis showed spherical nanoparticles with minimal
agglomerations and Brunauer-Emmett-Teller (BET) confirmed mesoporous nanomaterials with large surface
areas of 105.44 m?/g for the Cr20s/SnO2. The optical analysis indicated a shift towards higher wavelengths,
corresponding with an energy band gap reduction, which can be explained by lattice distortion and surface defects
[2]. The spectra exhibited shoulder peaks indicating heterojunction formation, with a band gap at 2.3 eV
corresponding to the reduced band gap of SnO: (3.6 eV) and at 3.03 eV relating to that of Cr-0s (3.0-3.4 eV). The
nanoparticles showed weak emission at 600 nm (2.01 eV), correlating with interactions between interfacial tin
vacancies and oxygen vacancies. The spectra also showed a peak at 2.3 eV, associated with a single oxygen
vacancy. It can be deduced from the results that Cr-03/SnO: displayed a superior response towards CO gas due to
a higher surface area and surface defects, allowing better gas adsorption.
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Fig. 32: XRPD patterns of the heterostructures. heterostructure showing surface defects.
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1. Introduction

The structural, chemical, and luminescence properties of Bi-doped ZnO phosphors were investigated. Bi-doped
ZnO phosphors are unique due to the ability of Bi to alter the electrical and optical properties of ZnO, allowing
for improved performance in applications like photocatalysis and optoelectronics [1]. The samples were prepared
using the combustion and pulsed laser deposition (PLD) methods. The X-ray powder diffraction (XRPD) patterns
of both the powder and thin films showed a polycrystalline hexagonal structure (Fig. 1). The crystallite size for
the powders was 31, 39, and 34 nm for the undoped, 0.1 mol% Bi, and 0.3 mol% Bi respectively. The crystallite
size of thin films was found to be 16, 19, and 20 nm for the undoped, 0.1 mol% Bi and 0.3 mol% Bi respectively
with (002) plane as a preferred orientation. Scanning electron microscopy (SEM) images showed that the
morphology of the thin films changed with Bi doping concentration. X-ray photoelectron spectroscopy (XPS) was
used to analyse the chemical state of both powders and thin films and the results confirmed that there were Bi°
and Bi®* charge states present but the Bi%* were most abundant. The photoluminescence (PL) emission spectra of
the powders excited at 325 nm at room temperature (Fig. 2) showed a peak in the blue region (434 nm) and a
broad peak in the red region (635 nm). The excitation spectra showed the typical UV absorption below 350 nm
associated with the bandgap, a blue band at 420 nm associated with Bi doping, and emission at 730 nm which has
not been reported before [2,3]. The luminescence of doped and undoped thin film samples was measured at room
temperature. They showed a broad blue emission (400 — 500 nm) and a broad visible emission (642 nm) which
blue shifted for doped samples. Under low temperatures (at 5 K in vacuum) the undoped thin films showed two
sharp UV emissions at 369 and 381 nm which were associated with near band edge emissions and a broad visible
emission around 617 nm and the intensity enhanced at low temperatures compared to when done at room
temperature. There were emissions at 723 and 736 nm, which were associated with the second order of the near
band edge (NBE) emissions and were not related to Bi doping.

2. Results
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Fig. 33: XRPD patterns for undoped and Bi-doped ZnO powders.

Fig. 2: PL emission spectra of Bi doped ZnO phosphor powders at
325 nm excitation.
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1. Introduction

Anthropogenic air pollution is one of the leading factors in environmental disasters and human health issues [1].
Volatile organic compounds (VOCs) such as benzene and toluene are some of the most common compounds that
contribute to air pollution. They are emitted from automobile exhaust, combustion of coal, petrochemical and
printing industries, and rubber manufacture. When people are exposed to these compounds over a different period,
they become at risk of developing ailments such as s aplastic anemia, headache and dizziness, respiratory irritation,
and deterioration of the central nervous system [2]. This has therefore inclined researchers to develop sensors to
monitor and detect these hazardous gases.

Semiconductor metal oxide (SMQ)--based sensors have been widely used to detect benzene and xylene due to
their low cost, portability, and facile development. However, they have some drawbacks, which include poor
selectivity and high consumption of energy, thus limiting their practical application. Therefore, there is an urgent
need for sensors that can address issues associated with SMO-based sensors. Loading noble metals on the surface
of SMO has been studied and reported to be ideal for improving the sensor selectivity and lowering the sensor
operating temperature [3]. The effect of the noble metals on the gas-sensing properties of SMOs can further be
elucidated by loading on highly porous materials such as metal-organic frameworks (MOFs). MOF-derived SMOs
are exemplary options for smart sensing due to their large surface area, high porosity, abundant active site for gas
adsorption, and improved selectivity [4]. In this work, the effect of Ag on the optical properties of MOF-derived

Co304-1n203 nanocomposites and subsequent changes in gas in sensing abilities to xylene-isomers is investigated.

2. Results

The photoluminescence spectrum of MOF-derived Co304-In,O3 depicted in Fig. 1, showed a low-intensity
broadband emission at 3.05 eV, which is believed to be due to the near-band edge emission. The relatively low
intensity is indicative of the likeness of the MOF-derived Co304-In203 emission process to be non-radiative. The
non-radiative process tends to induce crystal defects which influence the gas sensing abilities. As shown in Fig.
2, a high response of 41 to 100 ppm of xylene is exhibited by the MOF-derived C0304-In.O3 nanocomposites.
The observed results show that the MOF-derived Co3z04-In;O3 has a photoluminescence emission that can be
improved and sensor sensitivity towards xylene.
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Fig. 34: PL emission spectrum of MOF-derived C030,- Fig. 2: Response of MOF-derived C0304-In205.to xylene
In,0s. vapour as a function of time at 150 °C.
3. Reference
1. Manisalidis, 1., et al., Environmental and health impacts of air pollution: a review. Frontiers in public health, 2020 8 (2020) 14.
2. Muda, I., et al., Associated health risk assessment due to exposure to BTEX compounds in fuel station workers. Reviews on
Environmental Health, 39(3) (2024) 435-446.
3. Choi, Y.M., et al., Ultrasensitive detection of VOCs using a high-resolution CuO/Cu20/Ag nanopattern sensor. Advanced
Functional Materials, 29(9) (2019) 1808319.
4. Theka, T.J., H.C. Swart, and D.E. Motaung, Recent trends, advances, and challenges in MOFs-derived metal oxide

semiconductor-based sensors for BTEX detection: A review. Inorganic Chemistry Communications, (2024) 112884.

79
10™ South African Conference on Photonic Materials - Amanzi 2025


mailto:mabizelalp@ufs.ac.za

Influence of excitation power on down-shifting ZnO

L.J.B. Erasmus?, R.E. Kroon!

1 University of the Free State, 205 Nelson Mandela Drive, Park West, Bloemfontein
Corresponding author e-mail address: erasmuslb@ufs.ac.za

1. Introduction

It is well known that the excitation power density has a non-linear effect on the resulting emission from
photoluminescent upconverting phosphor materials [1]. Therefore, it has become standard practice to report the
power density of the excitation source when publishing upconversion measurements, although this is usually not
the case when reporting on down-shifting and converting materials since it is assumed that the photoluminescent
intensity response is linear. Also, little regard is given to the effect of excitation power density on the different
mechanisms responsible for the emission in some materials. To demonstrate that excitation power density is an
important parameter, this study will investigate the power density dependence of the exciton and defect-associated
emission peaks of prepared zinc oxide (ZnO). This semiconductor material was chosen due to its wide application
in displays, solar cells, and light-emitting diode technologies [2].

2. Results

For this study, commercial ZnO with intentionally induced oxygen vacancies was acquired from Phosphor
Technologies [3]. To reduce the defect emission and enhance the exciton peak, the material was annealed in the
atmosphere for 8 h at 900 °C. The prepared material was studied using a custom-constructed 320 nm laser
photoluminescence system. The excitation intensity was varied by three orders of magnitude by introducing a
series of neutral density filters between the excitation source and the sample. The resulting down-shifting emission
was measured and is shown in Fig. 1. As illustrated in Fig. 2, the exciton peak shows a different relationship as a
function of excitation power density when compared to the defect emission. The mechanisms behind these results
will be discussed. This study demonstrates that the ratio of excitation peak to defect peak depends strongly on the
excitation power density, which explains why the same sample measured in different measurement systems can
show different emission data using the same excitation wavelength.
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1. Introduction

The detection of acetone has become a rich vein of research due to its applications for health monitoring and self-
diagnosis. Acetone serves as a distinctive biomarker for diabetes, making its concentration in human breath an
essential factor for diagnosing diabetic patients. Generally, healthy individuals exhale acetone levels below 1 ppm
(ranging from 0.3 to 0.9 ppm). However, in individuals with diabetes, these levels rise to approximately 2.2 ppm
for type 1 diabetics and around 1.7 ppm for those with type 2 diabetes [1]. Tungsten oxides (WOx<3) are highly
valued for their chemical stability, affordability, ease of synthesis, and structural versatility. Notably, they exhibit
various non-stoichiometric phases (WOx<3), including WO3, W10, W5014, and WooOsg. These phases contain
abundant oxygen vacancies, which enhance their ability to adsorb gas molecules, making them effective as sensing
materials [1]. Despite advancements in WOx<3-based acetone sensors, achieving both ppb-level detection and
high response at low concentrations while operating at room temperature (RT) remains a significant challenge.
This paper focuses on addressing these limitations by creating a W1sOag nanoparticle sensor that can detect trace
amounts of acetone at RT.

2. Results

Powder X-ray diffraction (XRD) patterns confirmed the successful formation of W1sO4. TEM elemental mapping
further validated these claims as a uniform distribution of Tungsten and oxygen was seen. The atomic wt% of
oxygen compared to tungsten was considerably less indicating the presence of oxygen vacancies. Diffuse UV-Vis
spectroscopy was employed to characterize the optical properties where it was noted that W1sOuo displayed a wide
absorption range spanning the UV to NIR regions, which was attributed to the high abundance of oxygen
vacancies in the lattice, inducing localized surface plasmon resonance (LSPR). Fig. 2 shows the estimated bandgap
of 2.39 eV from the indirect allowed transition of the Kubelka-Munk function. The estimated bandgap is well in
line with reported estimates of 2.89 eV [2], and 2.54 eV [3]. The presence of these oxygen vacancies was then
further corroborated by PL analysis, which showcased blue emission under 325 nm excitation credited to oxygen
vacancies. PCA analysis of gas sensing results revealed that acetone displayed unique characteristics allowing it
to be distinguishable among gasses, such as m-xylene, p-xylene, o-xylene, ethanol, and methanol.
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1. Introduction

Sulfur dioxide (SO-) is a hazardous air pollutant with damaging environmental and health impacts, making it
necessary to develop highly sensitive and selective gas sensors [1]. Sulfur dioxide (SO-) is prevalent in South
Africa primarily due to the anthropogenic processes the country is reliant on, such as coal combustion for
electricity generation, industrial activities, and metal smelting. Exposure to SO irritates the respiratory system,
leading to lung inflammation, asthma attacks, and chronic diseases [2]. Gas sensors are crucial for monitoring SO:
levels for public health. In this study, In.0s/MoS:, In:0s/SnO2/MoS., SnO»/In20s/MoS., and SnO./MoS:
nanostructures were synthesized via the hydrothermal method for SO. gas detection. Gas sensing experiments
were performed to evaluate the sensitivity of each composition toward SO.. The sensors were further loaded via
wet impregnation with Au and Ag nanoparticles to enhance their performance. This study highlights the potential
of In20s/SnO2/MoS»-based sensors for effective SO. detection, paving the way for improved environmental
monitoring applications.

2. Results

The structural properties of the samples were confirmed using X-ray Powder Diffraction (XRPD), showing the
successful formation of the metal oxide hybrid structures. Fig. 1 shows distinct peaks corresponding to SnO»,
In20s, and MoS.. The well-defined and high-intensity peaks indicate good crystallinity, and the variations in
intensity suggest differences in phase composition. The confirmed presence of MoS: in the composites introduces
the desired layered structure that enhances charge transport. The mixed metal oxides, particularly
In205/Sn02/MoS:, exhibit synergistic effects, improving sensor performance through enhanced electron mobility
and catalytic activity. Optical properties were investigated through UV-Vis spectroscopy. Fig. 2 shows the
manipulation of the reflectance spectra using the Kubelka-Munk function that results in band gap values ranging
from 2.9 to 3.4 eV, which influence the electronic transitions and charge carrier mobility crucial for gas sensing
performance. Gas sensing experiments were performed to evaluate the sensitivity and selectivity of each
composition toward SO- gas. The sensors were further loaded via wet impregnation with Au and Ag nanoparticles
to enhance their performance. The noble metal loading significantly improved response and selectivity due to
enhanced catalytic activity and electronic modulation. The study shows that In.0s/SnO2/MoS.-based sensors can
be used to detect SO- effectively, which opens the door to better environmental monitoring applications.
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Fig. 1. XRD spectra for In20s/MoS2, In205/Sn02/MoS:, SnOx/In-05/MoS:,  Fig- 2. Band gap values were extracted using the Kubelka-Munk
and SnO2/MoS.. Function.
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1. Introduction

Solar cells have the ability to convert sunlight into electrical energy, therefore they are considered as the best
source of energy since they do not emit toxic gases into the atmosphere. In 2020 fossil fuel accounted for 83.1%
of energy consumed globally thus a major contributor of greenhouse gases [1]. To minimize the use of fossil fuels,
solar cells have been considered to be effective despite facing major setbacks such as their cost and effectiveness.
In this research Ag-ZnO nanoparticles (NPs) were synthesized using Citrus reticulata as a capping agent to be
used as a photoanode in the solar cell so that it can improve its effectiveness. Pure and Ag-ZnO NPs were
synthesized using the chemical precipitation method with Citrus reticulata peel extract as a capping agent. The
synthesis method involved the use of plant extracts such as leaves [2], fruits [3], and stems [4]. The plant extracts
act as a capping and reducing agent for the development of nanoparticles, with phytochemicals playing a key role
in shaping the properties of the nanoparticles. The effects of the capping agent on the material properties of ZnO
and Ag-ZnO were reported. All nanoparticles formed were in the range of 8-14 nm in size. When doped with
silver, an increase in the bandgap energies was observed for pure and capped Ag-ZnO nanoparticles. Fig. 1 shows
the XRD pattern of annealed pure and Ag-ZnO nanoparticles. The results obtained showed that both capped and
uncapped ZnO and Ag-ZnO NPs maintained the hexagonal wurzite structure. The Ag patterns disappeared when
the samples were annealed. The pure ZnO pattern observed indicated that effective doping took place, and all the
Ag™ ions occupied the interstitial sites or were segregated into the non-crystalline region causing the ZnO lattice
structure to be conserved [5]. Photoluminescence spectroscopy (PL) and Ultraviolet-visible spectroscopy were
used to study the optical properties of nanoparticles. PL showed a significant shift towards the near band edge
region when nanoparticles were doped with Ag. When Ag was added to ZnO the bandgap energy increased from
3.34 to 3.85 for uncapped nanoparticles and from 3.52 to 3.68 for Citrus reticulata capped Ag-ZnO nanoparticles
as shown in Fig. 2. When a capping agent was added to doped ZnO nanoparticles the bandgap energy tended to
decrease as compared to uncapped doped ZnO NPs.
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Fig.36: The XRD pattern for Ag-ZnO NPs annealed at 450 °C. Fig. 2: Tauc’s plot of pure and capped Ag-ZnO NPs.
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1. Introduction
The toxicity of hydrogen sulphide can be life-threatening even at low concentrations, irritating the eyes,

respiratory system, and skin. At high concentrations, the gas can result in death or paralysis [1,2]. Thus, the
demand for reliable, highly selective, and sensitive hydrogen sulfide detection has fuelled an interest in novel
materials. This study focuses on the application and creation of CuO/CeO, composite as the novel sensing material
for the detection of hydrogen sulfide gas. With CuO being a p-type semiconductor and CeO, an n-type
semiconductor, the p-n heterojunction between these materials enhances the capability of gas sensing. Chemical,
optical, and structural properties were confirmed using X-ray photoelectron spectroscopy (XPS), X-ray powder
diffraction (XRPD), and Ultraviolet-visible spectroscopy (UV-Vis). At low temperatures, the sensor demonstrated
great selectivity, fast response and recovery duration, and high sensitivity for H,S gas.

2. Results

Fig. 1(a) displays the XRD spectrums of CuO, CeO:, and CuO/CeO- nanocomposite, confirming a clear formation
of heterostructure. The UV-Vis energy spectrums displayed a band gap of 1.49 eV for CuO, while that of the
CeO:, and CuO/CeO: heterostructures were about 3.08 and 1.54 eV, respectively. The CuO/CeO- disclosed better
SO; in comparison to its counterpart, which could be justified by a sufficient amount of heterojunctions allowing
better SO, adsorption on the sensor surface.
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Fig. 1: (a) XRPD spectra and (b) UV Vis reflectance spectra of copper oxide (CuO), cerium oxide (CeO,), and CuO/CeO, composite.
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1. Introduction

Greenhouse gas emissions have led to adverse climatic effects and the mitigation measures put are not sufficient
in combating the adversities, highlighting the urgent need for transducers to harness the abundant renewable solar
energy to electrical energy [1]. Among the dye-synthesized solar cell (DSSC) components, the photoanode is a
semiconductor comprising a transition metal oxide such as ZnO, CdO, SnO,, and TiO,, that plays a crucial role
in light harvesting and charge transfer. TiOz is the preferred semiconductor due to its exceptional non-toxic nature
and excellent thermal, optical, and chemical properties [2]. The efficiency of DSSC relies on the capacity of the
photoactive nano-crystal electrode to harness visible light and transport the photo-excited electrons to the dye at
the conduction band [3]. Co-doping using cations, anions, or both has been reported to have higher photocatalytic
activity than mono-doped samples under visible light irradiation [4-6]. Co-doping Zn and Fe would improve the
photo-response of TiO; as Zn has excellent charge mobility, and the fewer valence electrons create an acceptor
band near that of TiO used to trap photo-excited electrons reducing e-/h+ recombination rate [5, 6]. A facile sol-
gel process was used to synthesize Zn:Fe co-doped TiO2 nanoparticles (NPs) and study the synergistic effects on
the structural, optical, and morphological effects of different co-doping ratios of Zn:Fe TiO; (Z:F-T) anatase and
rutile phases as a potential photoanode in DSSC. Co-doping ratios of 1:1, 0.5:1, 1:0.5,1.5:1, and 1:1.5 Z:F were
added to a constant amount of TTIP, ethanol and diethanolamine. Various techniques such as XRD, UV-Vis,
EDX, SEM, and FTIR were used to determine the material properties of the as-prepared Zn:Fe co-doped TiO-
NPs. It is worthwhile to note that, the metastable anatase phase of TiO- can be influenced by dopants to improve
its structural, optical, and morphological properties while, the thermodynamic stable phase, rutile, is resistant to
dopant modification and only accommodates the dopants in the crystal lattice.

2. Results

X-ray diffraction (XRD) patterns used to identify the phases and crystal structure of Z:F-T NPs are depicted in
Fig. 1. The diffraction pattern for the anatase phase corresponded to the reported JCPDS card no 84-1286. The
diffraction pattern showed the dopants caused surface modification that consequently led to the growth of new
peaks while other peaks diminished in their intensity. The growth of new peaks results from interstitial doping of
Fe, while the convolving of peaks is due to Zn substitution doping. Crystallite size computed using the Debye
Scherer’s equation showed that 1:0.5 Z:F-T NPs grew by 10.7 nm, forming the largest crystallite size with 24.45
nm. In the rutile phase, peaks grew and convolved like in the anatase phase, however, the phase stability did not
allow significant growth of the NPs. The XRD spectra showed sharp peaks that indicate improved crystallinity.
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Fig.37: The XRD pattern for Zn:Fe co-dopedTiO, NPs. Fig. 2: Crystallite size of TiO, NPs with changes in the co-doping ratio.
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1. Introduction

In the present time of accelerated industrialisation, the planet Earth faces environmental effects such as global
warming and the depletion of the ozone layer associated with the combustion of fossil fuels during electricity
generation. Such challenges fuelled the interest towards alternative means of generating clean, efficient and
sustainable energy. Therefore, developing renewable energy materials for harnessing energy is important to
remediate health issues associated with fossil fuels. At present, different photovoltaic (PV) technologies i.e. dye-
sensitized solar cells (DSSC), organic solar cells (OSCs), and perovskite solar cells (PSCs), are being explored to
serve as renewable energy sources. Among them, the PSCs have seen a momentous growth in efficiency with
26.1% achieved by using facile methods at low fabrication costs [1].

A compact, transparent, smooth, and uniform electron transport layer (ETL) is desirable in PSCs. The ETL is
deemed an integral part of the PSCs responsible for collecting, transporting, and separating charges within the
device. Among semiconductor metal oxides (SMOs), SnO; has been favoured due to its high transparency (>85%)
for visible light and a broad optical energy band gap (Eg) (3.6-4.1 eV) at 300 K [2]. Inadequate knowledge of
material properties while monitoring the T, still exists. To determine the annealing temperature (T.) dependence
on preferred orientation, texture coefficient (TC) analysis was performed using equation (1) [3].

TC. = I(hkl)/IO(th)
() (1)
N & I(hkl)/IO(th)

where I(hkl) refers to the measured relative intensity of SnO- thin films, lony denotes the intensity of the
standard SnO; cassiterite phase and N represents the number of hkl diffraction peaks considered.

2. Results

The X-ray diffraction (XRD) patterns confirmed the formation of cassiterite SnO; phase consistent with JCPDS
card no. 41-1445. The crystal growth of as-deposited thin film is preferentially oriented along the (110)
crystallographic plane whereas the increase in T, favours the (211) crystallographic plane. Fig. 1 illustrates
densely packed grain-like nanoparticles (NPs) with an average size of 73.3 nm formed through the segregation of
irregular NPs at T,= 550°C. The absorption characteristics showed a redshift when increasing the T, which caused
the narrowing of the Eg as presented in Fig. 2.
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Fig. 38: SEM image of SnO, thin film annealed at Fig. 2: Tauc’s plots of as-deposited and
550°C. annealed SnO; thin films.
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1. Introduction

In this work, the pure and Cr-doped a-Fe>O3 nanocubes at different doping levels of 0.5, 1, and 1.5 mol% were
successfully synthesized via the hydrothermal approach, followed by annealing at 600 °C. The influence of Cr
metal ion-doping on the acetone gas sensing behavior of the cube-like o-Fe,O3 structures was investigated.
Structural, morphological, textural, as well as surface defects analysis were conducted using XRD, SEM, BET,
and PL respectively to comprehend the obtained improved acetone gas sensing trend emerging from the
incorporation of Cr dopant ions.

2. Results
PL emission spectra of the pure and all Cr-doped a-Fe,Oj3 structures after excitation at 350 nm using a Xenon
lamp were recorded and the results are presented in Fig. 1, to study the intrinsic defects present in the produced
structures. Fig. 2 presents the responses of the pure and all Cr-doped a-Fe;Os-based sensors exposed to 90 ppm
Acetone vapour from 120 to 360 °C. All sensors displayed an increase in response values until reaching a
maximum response value at 280 °C, followed by a decline in response with a further increase in the working
temperature. The observed increase in response values for all sensors can be ascribed to acetone target gas
molecules attaining sufficient thermal energy to react with adsorbed oxygen ions [1]. The decrease in response
values beyond 280 °C can be attributed to the desorption rate of the acetone molecules exceeding the adsorption
rate [2]. Therefore, all sensing measurements were conducted at 280 °C for all sensors.
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Fig. 1: PL spectra of the produced pure, 0.5Cr/Fe,0s, 1Cr /Fe,0s, and
1.5Cr/ Fe,O3structures and the inset Gaussian fitting of the pure Fe,Os
product emission spectra.
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1. Introduction

Polymer solar cells (PSCs) are gaining attention as a favorable option in thin-film solar cell technologies due to
their unique material properties and processing advantages. The ability to combine performance, cost-
effectiveness, and compatibility with roll-to-roll printing methods ranks them as one of the fastest-developing
areas of investigation in thin-film solar cell technologies[1]. However, the polymer absorber layer has several
inherent problems, including low charge carrier mobility because of the disordered molecular structures and a
narrow absorption spectrum that restricts its ability to efficiently harvest sunlight across the entire solar spectrum,
particularly in the near-infrared (NIR) region[2]. In this study, the authors successfully synthesized copper-doped
zinc bimetallic nanocomposites using a wet chemistry technique and looked into their application as a solar
absorber medium in thin-film organic solar cells made with P3HT:PCBM blends.

2. Results

New thin film solar cells were produced using a conventional device architecture ITO/ PEDOT:PSS
/P3HT:PCBM/ LiF/AL. Fig 2 shows the J-V curves of the PSCs with the addition of 0, 1, 2, and 3 wt% of Cu:Zn
nanocomposite concentration in the active layer. The pristine device utilizing a P3HT: PCBM mixture has
demonstrated a PCE of 3.28%. The performance of the device is significantly improved when Cu:Zn bimetallic
nanocomposites are incorporated into the active layer of polymer solar cells. The best-performing device achieved
a power conversion efficiency of 5.59% at a 1 wt% concentration of Cu:Zn nanocomposites in the active layer.
This represents an enhancement of more than 70% compared to the pristine photoactive medium. The noted
improvement in PCE is primarily because of the excitation of the localized surface plasmon resonance exhibited
by the presence of Cu:Zn nanocomposite in the photoactive layer. Fig 1 shows the optical absorbance spectra for
the polymer film that includes the 1\%, 2\%, and 3\% Cu:Zn bimetallic nanocomposite.
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Fig. 39: Optical absorbance spectra of the polymer film

. Fig. 2: J-V Curves for the devices fabricated using the pristine
containing Cu:Zn BMNCs

and with Cu:Zn BMNC:s at different concentrations by weight.
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1. Introduction

The study presents the findings of the effect of ion implantation on pristine Copper Zinc Tin Sulphide (CZTS)
thin films. The CZTS films were prepared utilizing a two stage process, i.e. e- beam deposition of metal
precursors Cu, Zn and Sn followed by annealing in sulphur environment at 500°C for 30 min. These samples
were further implanted with 150 keV V + ions utilizing fluences, 1x10 6, 3x10 ¢ and 1x10 7 ions/cm?.
Fundamental properties that governs the photovoltaic applications, i.e., structural and optical were investigated
on pristine and ion implanted CZTS thin films using XRD, Raman and UV-VIS techniques. The Raman results
highlighted the presence of defects in the CZTS samples. UV-VIS revealed energy band gap in the range 1.5 -
1.4 eV, and absorption within the UV range.

2. Results

Figure 1 presents the XRD diffraction peaks of the samples under investigation. All the CZTS samples indicated
the presence of tetragonal kesterite CZTS phase with PDF 00-026-0575 [1]. Figure 2 presents the XRD
diffraction patter of the most intense diffraction Peak (112) enlarged to show peak shifts and broadness upon
implantation. An increament and lattice constants relaxation was noted as the fluence was increased to 1x10 ¥
ions/cm 2.
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Figure 2: Most intense diffraction Peak (112) enlarged to

Figure. 40: Overlaid XRD pattern of pristine show peak shifts and broadness upon implantation.

with the ion implanted CZTS samples.
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1. Introduction

The most clean and abundant renewable energy resource for humankind is solar energy. Dye-sensitized solar cells
and silicon solar cells are photovoltaic devices for harvesting solar energy. Polyene-diphenylaniline organic dyes
are a significant set of dyes that has stirred the interest of researchers as sensitizers in dye-sensitized solar cells
based on TiO, semiconductors. The benefits of organic complexes over metal complexes are minimal cost, higher
extinction coefficients, better compatibility with the environment, and good electrochemical properties. For
instance, polyene-diphenylaniline with the simple donor-acceptor structure can be easily fabricated, they are
cheaper and comprise of chemical structures that can be easily altered to improve their optical and catalytic
properties. Their photocatalytic properties which include visible light to near-infrared light absorption have led to
enormous interest in polyene-diphenylaniline dyes as photosensitizers. The influence of an additional methoxy
functionalized group on the photocatalytic properties of polyene-diphenylaniline through the solar spectrum was
studied using the density functional theory approach through GPAW, Avogadro, and ASE software.

The results showed that the maximum absorption wavelength was exhibited by the two phenyls-based
complexes D5 and D7 with their maximum absorption peaks situated at wavelengths of 750 nm and 850 nhm while
the methoxy group-based complexes D9 and D11 exhibited absorption peaks at wavelengths of 800 nm and 900
nm as depicted in Fig 1. It was observed that D9 and D11, which comprise of additional methoxy, and polyene
moiety show the highest absorption wavelength. In addition, the HOMO was delocalized on the dye molecule
while the LUMO was delocalized on the TiO, semiconductor as shown in Fig 2, the HOMO-LUMO energy gap
0f 0.98 and 0.85 was associated with D9 and D11 dyes with the methoxy group when compared to HOMO LUMO
energy gap of 1.32 and 1.08 obtained for D5 and D7 complexes. Their electron injection kinetics AGinject analysis
into the band gap of TiO, semiconductor depicts higher electron injection kinetics of -2.070 and -2.030 for D7
and D11 respectively compared to the similar organic complexes D5 and D9 without the additional polyene moiety
with AGinject of - 2.820 and -2.130 respectively. Our findings designate that adding a functional group to the
conjugation length of an organic chromophore results in an increase in their light harvesting efficiency and a
spectral shift of the absorption maxima towards a higher absorption wavelength connoting higher open circuit
voltage and current density in DSSC. The study concluded that the spectral characteristics of organic complexes
with donor-m-acceptor structures can be improved by adding functionalized groups.

2. Results
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Fig. 41: simulated absorption spectra of D5, D7, D9 and Fig. 2: Isodensity surfaces of the HOMO
D11 dye molecules. of D5 Dye molecule.
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