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Executive Summary

The presented document constitutes deliverable D4.4 Final report of the LEDtechGROW
project. It is a public document, delivered in the context of WPZManagement, communication,
dissemination, and exploitation, Task 4.1: Scientific coordination, managent, and reporting.

4EEO OADPI OO DPOTI OEAAO A Al i POAEAT OEOA 1T OAOOEAX
activities, and key scientific and technological results, with a particular focus on the development,
characterization, and fabrication of advanced LED materials and dees for horticultural
applications. It summarizes the main achievements across all work packages, highlights
dissemination efforts, and outlines the overall impact of the project, demonstrating its
contribution to innovation, capacity building, and future research directions in LEDbased
technologies.
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Copyright Notice

Copyright © 2025 LEDtechGROWproject team. All rights reserved.LEDtechGROWs a project
funded by the Science Fund of the Republic of Serhiader grant agreement no10412. For more
information on the project and contributors please seéhttps://ledtechgrow -promis.org/. It is
allowed to copyanddistribute verbatim copiesof this document containing this copyright notice;
however, the modification of this document is forbidden.

Disclaimer

6 E 1 léstitute is solely responsible for the content of this publication, and this content does not
express the views of the Science Fund of the Republic of Serbia
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Abbreviations and Acronyms

Explanation
[BYF] BaYF
[BGF] BaGdF
[CCT] Correlated Color Temperature
[CIE] Commission Internationale de I'Eclairage
[DEC] Dissemination, Communication, and Exploitation
[DMP] Data Management Plan
[DOI] Digital Object Identifier
[EDTA-2Na] Disodium ethylenediaminetetraacetate dihydrate
[ET] Energy transfer
[FAIR data] Findable, Accessible, Interoperableidable data
[FWHM Full width at ratiximum
[ICDD] International Centre for Diffraction Data
[LED Light-emitting diode
[LEDtech' 2/ 7Y | AED tdcthblogy basedos BismaserisiizddE® 4 EOI AA O

luminescence for cosh £ZEAAOEOA ET AT 1 O PI AT O CcOl xOE®6

[Open Access] Open access publishing (open access) means that an article is immediately provided in
open access mode on the publisher or journal's website. Some publishers charge Article
Processing Chargers (APCs) to make articles open.

[near-UV] near-ultraviolet

[PAR] Photosynthetically active radiationzAQ® nm of wavelength), an essential part
of the light spectrum which typically drives photosynthesis more efficiently at the
red and blue regions of the spectrum

[PL] Photoluminescence emission spectra

[PR] Phytochrome photoreceptors with absorption peak in the red spectral area

[Per] Phytochrome photoreceptors with absorption peak in fafred spectral area

[PROMIS 2023] The Program for Excellent Projects of Young Researchers (PROMIS) is a program of

the Science Fund of the Republic of Serbia intendeflexcellent projects for young
researchers in the early phase of their careers
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[PXRD] PowdeyXdiffraction
[QE] Quantum efficiency
[RE] Rare earth
[RYF] sRbY
[SEF] 2EUBY
[SGF] 2GdH
[SGEF] Sr2Gb.2xElo.sF7
[SLF] 2L by
[TEM] Transmission electron microscopy
[VinaR] VinaR, i.e. Vinca Repository is a joint digital repository of all laboratories and departments in
6ET €A )T OOEOOOA 1T £ . OAIl AAO 3AEAT AAOh 51 EOAOO
the publications, as well as other outputs of the research projects implemented in these
institutions.
[VINS] c6ET éAc )1 OOE OO OANational InstiiufelofAhk Rep@olic BffSeriAad O
University of Belgrade
[WP] Work package
[Zenodo] Zenodo is a catckall research data repository that enables researchers, scientists, EU projects,

and institutions to share research results, make research results citable and search and reuse
open research results from other projects. Zenodo repository is harvested by the OpenAIRE
portal and hosted by the CERN cloud infrastructure.
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1. Introduction

The LEDtechGROW project (Grant Agreement No. 10412, PROMIS 2023) is implemented at the
O6ET é6Ad6 )1 OOE OO O Az Nhtidhal .Inérifute dfAtier RaplHficAdr Bekb, University of
Belgrade and is dedicated to the development of advanced LED technologies tailored for indoor plant
cultivation. The project focuses on innovative phosphoeconverted LED (peLED) systems based on

the full Photosynthetically Active Radiation (PAR) spectrum and efficiently stimulate plant
photoreceptors.

This report provides a comprehensive overview of the implementation and outcomes of the
LEDtechGROW project across all work packages, covering scientific, technological, dissemination, and
capacity-building activities. It consolidates the key results acleived within Work Packages WPAWP4,

ET Al OAET ¢ OEA OUT OEAOEO Al-Al AEADaAadBkDmdHaE thée 1 £
fabrication and performance assessment of plangrow-targeted LED devices, structured professional
development of young anl early-stage researchers, and systematic dissemination, communication, and
exploitation actions.

Within WP1, significant efforts were devoted to the design, synthesis, and comprehensive
characterization of inorganic fluoride phosphors optimized for horticultural lighting. Structural,
morphological, optical, and temperaturedependent photoluminescence studies enabled the
identification of phosphor compositions with suitable emission profiles, chemicabhnd temperature
stability, and energytransfer mechanisms. These materials served as the foundation for WP2, where
novel LED fabrication strategies combimg near-UV and UV semiconductor chips with single
component phosphors were developed. Detailed analyses of photoluminescence behavior, colorimetric
parameters, luminous performance, andemission overlap with absorption spectra of plant
photoreceptors demonstrated the strong potential of several fabricated LEDs for indoor horticultural
applications.

In parallel with scientific and technological development, the project placed strong emphasis on
visibility, dissemination, and open scienceThrough WP4, the project established key communication
and visibility tools early in its implementation, including the official project website, logo, and
promotional materials, ensuring a consistent project identity and broad public accessibilityScientific
publications, datasets, and public deliverables were systematically disseminated through
internationally recognized repositories and communication channels.

Furthermore, WP3 played a central role in strengthening the professional development of young
and early-stage researchers involved in LEDtecl6ROW. Targeted trainings, workshops, webinars,
international collaboration activities, and shortterm research vists enhanced competencies in
proposal writing, project management, intellectual property protection, open science, and advanced
experimental techniques. These activities not only supported the successful execution of the project but
also ensured longterm sustainability and future funding readiness.

Overall, this report demonstrates that LEDteckGROW has been implemented in a timely, coherent,
and impactful manner. By integrating innovative materials research, advanced LED fabrication,
dissemination activities, and researcher capacity building, the project makes a significant contribution
to the development of plantgrowth-targeted lighting technologies and highligh$ the importance of
interdisciplinary research in addressing current challenges in sustainable agriculture and energy
efficiency.
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2. Summay of Deliverable D41 z Visibility: Website, Logo,
and Leaflet(WP4, month 4)

Deliverable D4.1,AT OEOI AA O6 EOEAEI EOUqd 7AAOQOEOAh , 1 Cih
fourth month of the project implementation, fully in accordance with the project timeline. This
deliverable focused on establishing a strong and coherent visual identity and commigation
infrastructure for the LEDtech-GROW project. The project website was designed, launched, and
made publicly accessible alttps:/ledtechgrow -promis.org/, serving as the central platform for
project visibility, dissemination of results, and communication with the scientific community and
the wider public. The website is available in English.

LEBtech PROMIS_2023 project HOME  PROJECT  TEAM  PUBLICATIONS  DELIVERABLES ~ NEWS  CONTACTS

GROW

VicTpaxuBarbe CNPoBeAeHO Y3 noapliky ®oHAa 3a Hayky Penybnvike Cpéuje, Bpoj npojekta
10412, NEA TEXHONOIWJA 3ACHOBAHA HA Eu3+ NYMUHECUEHUMU CEH3UTOBAHO)
BU3MYTOM 3A UCMN/IATUB PACT BUA/BAKA Y 3ATBOPEHOM MPOCTOPY
Science Fund
This research was supported by the Science Fund of the Republic of Serbia, 10412 Grant No, e Mt

LED TECHNOLOGY BASED ON BISMUTH-SENSITIZED Eu3+ LUMINESCENCE FOR COST-
EFFECTIVE INDOOR PLANT GROWTH k\_—;/rg;‘

nPoMuc

Figure 1. LEDtechGROW project
In addition, the official project logo and promotional leaflet (https://ledtechgrow -
promis.org/gallery/LEDtech -GROWL eaflet.pdf) were developed to ensure consistent branding
across all dissemination materials and communication channels. The timely completion of

Deliverable D4.1 significantly contributed to the early visibility and recognition of the LEDtech
GROW project at both natinal and international levels.

LEBtech
GROW

Figure 2 LEDtechGROWogo
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3. Summay of Deliverable D4.2z Data Management Plan
(WP4, month 6)

Deliverable D4.2 z Data Management Plan (DMP) was completed and submitted on 1 July
2024, ahead of the contractual deadline of 2 July 2024, corresponding konth 6 of the
LEDtechGROW project implementationDeliverable 4.2 was developed withinWork Package
4 (Management, communication, dissemination, and exploitation), undefTask 4.2 z
Dissemination, communication, and exploitation of knowledge, and was released as a publicly
accessible document.

The DMP establishes a comprehensive and projeedpecific framework for the
management of all data generated, collected, and processed throughout the entire duration of
the LEDtechGROW project. It is fully aligned with the European Commission Guidelines on Data
Management in Horizon 2020, the FAIR data principles, and the contractual obligations defined
in Articles 28 and 29 of the Grant Agreement between the Science Fund of the Republic of Serbia
AT A OEA 6ET éA )T OOEOOOA 1T ANo @¥12A A0 3 AEAT AAO ' C

At the time of delivery, the DMP documented data management practices already being
actively implemented during the execution oWP1, which focused on the design, synthesis, and
characterization of plant-growth-targeted phosphors, and laid the groundwork for the
systematic handling of forthcoming datasets fromWP2, dedicated to LED fabrication and
performance evaluation.

A key element is a clearly defined openaccess anddata-sharing strategy. The DMP
specifies that all norconfidential project outputs, including scientific publications, underlying
datasets, public deliverables, and dissemination materialsare to be made openly available
through established, internationally recognized repositories. Th&enodo repository , operated
by CERN and integrated within the OpenAIRE infrastructure, is designated as the primary
platform for archiving open-access datasets and publications, ensuring losigrm preservation,
assignment ofDigital Object Identifiers (DOIs),version control, and global discoverability.

In parallel, all openaccess scientific publications and selected research outputs are
deposited in theVinaR repository , which serves not only as an institutional repository of the
6ET éA )T OOEOOOA 1T &£/ . OAI AAO 3AEAT AAO AOO Al O A
visible research repository. VinaR provides unrestricted global access to deposited content,
supports metadata harvesting, and ensures lonterm accessibility beyond institutional
boundaries, thereby significantly enhancing the visitity and citation potential of LEDtech

GROW research outputs.
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Figure 3.Zenodo and VinaR repositories are used for datasets

Public deliverables, dissemination materials, project news, and links to deposited datasets
and publications are additionally made available through the officialEDtech-GROW project
website (https://ledtechgrow -promis.org/). By Month 6, the website had been fully launched
and regularly updated, serving as a central dissemination hub for the project. It is planned to
remain active throughout the project lifetime and for at least one year following project
completion, ensuring sustained public access to project outputs.

The DMP also clearly distinguishebetween open and restricted datasets. Datassociated
with scientific publications, dissemination activities, and norcommercial research findings are
made openly accessible in accordance with FAIR principles. Conversely, datasets with high
innovation potential or relevance for future commercialization are temporarily excluded from
open access to prevent compromising intellectual property protection. Such datasets are
securely stored on the ASANA internal project platformaccessible exclusively to LEDtech
GROW team members. The DMP defines concrete procedures for handling sensitive data,
including the application of nondisclosure agreements, publication embargoes, and, where
appropriate, the preparation of patent applicatons before public disclosure.

Deliverable D4.2 provides detailed guidance odata formats, metadata standards, naming
conventions, licensing schemes, and versioning rulesnsuring consistency, interoperability,
and reproducibility of project data. Rich metadata, including project acronym, grant number,
authorship, experimental context, and licensing information, accompany all datasets deposited
in Zenodo and VinaR

Clear roles and responsibilities are defined within the DMP. Each project member is
responsible for the quality, accuracy, and proper documentation of the data they generate, while
overall coordination, compliance monitoring, and updates of the DMP are maged by the
0OET AEPAIT )1 OAOOECAOI O AT A OEA Ibdbtite & Adzlear AT ACAI
Sciences. Costs related to opesiccess publishing, data archiving, and dissemination were
anticipated and allocated within the approved project budget.

In conclusion,Deliverable D4.2 wagelivered timely, providing atransparent framework
for data management in LEDtecftGROW. By combining trusted international repositories
(Zenodo), a fully open and globally visible institutional repository (VinaR), and an actively
maintained project website and social media channelshe DMP ensures maximum visibility,
accessibility, and longterm preservation of project results, while simultaneously safeguarding
sensitive data and supporting future exploitation and innoation activities.
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Annexesof Deliverable D42

Annex |
Expected Data File Extensions in LEDtech-GROW

File ext. Description Editing software

dat Genericdatafile Text editors (e.g. Notepad)

txt Textfile Text editors (e.g. Notepad)

doc Textfile MSWord

xls Spreadsheet Spreadsheet software (e.g. MSExcel)
cvs Spreadsheet Spreadsheet software (e.g. MSExcel)
iPg Rasterimage Standard image viewers

png Rasterimage Standard image viewers

tif Rasterimage Standard image viewers

nb Code Wolfram Mathematica

xml Code XML editors

m Code Mathworks Matlab

pdf Portable documentformat Standard PDFviewers

zip Archive file format Standard file archivers

rar Archive file format Standard file archivers
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4. Summary of Deliverable D4.% Dissemination,
communication, and exploitation plan (WP4, month 9)

This document constitutes Deliverable D4.3z Dissemination, Communication, and
Exploitation Plan, prepared within Work Package 4 (WP4): Management, Communication,
Dissemination, and Exploitation of the LEDteclGROW project.The initial version of this
document was prepared and submitted in Month 9 (October 2024), and the final version was
completed in Month 24 (December 2025), fully in line with the project timeline and contractual
obligations.

The LEDtechGROW project focuses on the development of advanced LED technologies for
emitting across the entire PAR spectrunof plant photoreceptors. Due to the strong scientific,
technological, and societal relevance of the project, dissemination and communication activities
represent a core component for ensuring visibility, transparency, and broad accessibility of
project results.

Deliverable D4.3 provides a comprehensive and projedpecific overview of all
dissemination and communication activities implemented to date. The document builds directly
upon previously completed visibility-related deliverables, particularly Deliverable D4.1
(Visibility: Website, Logo, Leaflet), which was achieved on time during the early project phase.
These tools established a consistent and recognizable project identity and enabled early and
continuous outreach to target audiences.

A central dissemination channel of the LEDteclGEROW project is the official project website
(https://ledtechgrow -promis.org/), which functions as the main public platform for presenting
project objectives, work packages, team members, news, public deliverables, scientific outputs,
and dissemination materials. The website is regularly updated and serves as a repository for
publications, conference contributions, newsletters, promotional materials, and
announcements of public and scientific events. It ensurdall visibility of the project, extending
beyond institutional promotion to include concrete scientific results, researcher activities, and
training outcomes.

In parallel, the project maintains an active presence on social media platforms, including
Linkedin and Instagram, which are used to communicate projecfindings, conference
participation, published papers, outreach events, and educational activities. These channels
significantly enhance reaitime communication with the scientific community, earlystage
researchers, and the general publiand contribute to increasing recognition of the LEDtech
GROW project at national and international levels.
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The dissemination strategy described in Deliverable D4.3 places strong emphasis on
scientific dissemination through highquality peer-reviewed publications and conference
participation. In the first year of the project, team members published multiple scientific papers
in internationally recognized journals in materials science, optics, and nanotechnologfnnex
VI).In parallel, the team actively participated in numerous international scientific conferences,
delivering invited talks, oral presentations, aml poster contributions, thereby ensuring direct
knowledge exchange with the international scientific community(Annex VII). Detailed lists of
publications and conference contributions are continuously updated on the project website.

In addition to scientific dissemination, Deliverable D4.3 highlights public outreach and
science communication activities carried out by the LEDteeGROW team. These include
DAOOGEAEDPAOGEIT ET 1T AET O POAI EA AOAT OMerraodaE AO OE
Fair of Techniques and Technical Achievements, and institutional events organized by the
Science Fund of the Republic of Serbia. Promotional materials, including the project lea#iat]
posters, were actively used to communicate project goalsand results to nonspecialist
audiences, with a particular focus on broader public interested in sustainable agriculture and

advanced lighting technologies.

Furthermore, the deliverablepresentsmedia visibility achieved through press releases and
published articles in national magazines, which contributed to increasing awareness of
LEDtechGROW beyond the scientific communitfAnnex IV). These activities ensured that the
project reached diverse audiences and reinforced the societal relevance of research on energy
efficient and plant-growth-targeted LED technologies.

An important component of the dissemination and communication activities addressed in
Deliverable D4.3 is the professional development of young and earffage researchers. The
document reports participation of team members in numerous specialized trainingvents,
workshops, webinars, and information days related to scientific publishing, project
management, open science, data management, and advanced characterization techniques
(Annex VII).

Overall, Deliverable D4.3 demonstrates that dissemination and communication within the
LEDtechGROW project are systematic, timely, and strongly integrated with scientific and
outreach activities. By combining a welktructured web presence, active socialmedia
engagement, intensive scientific dissemination, public outreach, and continuous researcher
training, the project ensures full visibility and effective communication of its results. This
approach significantly contributes to maximizing the scientificeducational, and societal impact
of LEDtechGROW during the project implementation and beyond.
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Annexesof Deliverable D4.3

Annex Il

Microsoft Word (a) and Microsoft PowerPoint (b) documents created to be used kkEDtech
GROWProject
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'\571" ot \GRAGAIOW (T340, 10412 - 017234

Project Deliverable Information Sheet
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Actual Delivery Date:
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PROJECT FLOW

Design, synthesis and
characterisation of plant-grow-
targeted phosphors

Design, fabrication and LEDs
performance

Professional development of
young and early stage
researchers

In light of global urbanization, the
key to long-term agricultural develop-
ment is a more efficient use of arable
land, labor, and modern technology.

Indoor plant factories are promising
solutions for future horticulture production
and food supply to densely populated ur-
ban areas. The light-emitting-diode (LED)
is revolutionizing general illumination with
the promise of enormous energy savings
when widespread adoption occurs.

PROJECT

However, current LED technologies
for plant cultivation are less developed
compared to LEDs for general lighting.
LEDtech-GROW offers innovation in the
field of LEDs that entirely satisfy the needs
of plants and cannot be achieved with any
LED technology currently available.

We will develop inorganic phosphors
that convert as much electrical energy as
possible into a Photosynthetically Active
Radiation (PAR) spectrum of plant photore-
ceptors.

4 4. Final report

epema 10«1 LED TECHNOLOG!

Leaflet, deliverable 2.1 (WP4), April 2024

Contact:

Dr. Bojana Milicevi¢
Principal Investigator of the
LEDTech-Grow Project
Vinca Institute of Nuclear Sciences
National Institute of the Republic of Serbia
University of Belgrade

E-mail:
ledtechgrow.promis@gmail.com
Website:
www.ledtechgf®Ww-promis.org

i) A

- The development of high-efficient
and moisture-resistant plant-grow-targeted
single-component phosphors based on

= double- and triple-wavelength emission for

© the whole PAR spectrum.

Site substitution engineering will be
implemented via suitable and efficient en-
ergy transfer between Bi**—Eu® to adjust
the multi-color emission of phosphors.

Obje

A unique green synthesis based on
environmentally acceptable components
will be used.

LEDtech-GROW pro]ect results will ccntnb—
ute to the d

phosphors and LED tschnologles for other appli-

cations where efficient, high-quality lighting is
crucial.

The focus is on the issues in the field of
‘materials science, such as resemblances of

eﬁtlwoofn spec:h'taf phosp! 1::‘ the PAR lspoe-f
trum of plant photoreceptors and fabrication of
novel generation of phm-gmmh-L s.
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LED TECHNOLOGY BASED ON
BISMUTH-SENSITIZED
Eu®* LUMINESCENCE FOR COST-
EFFECTIVE INDOOR
PLANT GROWTH

N The fabrication of LED devices based

@ on dual- and triple-wavelength emitting
> single-component phosphors.

"6‘ To fabricate the pc-LEDs, two dis-
o

tinctive strategies will be employed:
& 1. The novel LED chip-on-board fabrica-

(o) tion strategy that combines near-UV semi-

conductor chip and representative triple-
wavelength emitting plant-grow-targeted
single-component phosphor, and

2. A strategy that combines blue semicon-
ductor chips and representative red and
far-red double-wavelength emitting single-
component phosphors, which is a com-
mon way of white LEDs chip-on-board fab-
rication.

The outcomes of this project activity can
be used to devslop new innovative
d the pi d LED

technology for artificial mdoor plant growth.

LAMIESCENCE FOR COST-EFFECTIVE INDOOR PLANT GROWTH-" L Tech Grow,
INDOOR PLANT GROWTH- LEDTech-Gr

FOR COST-EFFECTIVE

238
‘Sertia. Vinéa Institute of Nucelar Sciences, Nations Institute of|

e aa PenyGovey Cobuy, T8

‘@xpress the views of the Scienca Fund of the Repubic of Serbia.

for the

not
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MLADE NAUCNICE /
17 SRBIJE KOJE

’ N -

[ > o e s

MENJAJUSVET

Vefin verovatno vam ne vute pormata Gredka, velka
greska!|Da paratrazeamolikVivjen 2 kuitnog fima. Zgodna
2e0a" 4oy e Interpretiala D2ulja Robents). A 2a to &0 5o
odlutii da i (e nego 2ashutend) gumeno pod refleltore
289030 je Fond 23 nauku Republie Srbge koji nastaujs
soju predanost pocksc misdlh ISUaNCa Koz Program
23 2visne projekte miadin istra2eta | nautnka u rano] faz
Karjere - PROMIS 2023 u Okviru kojeg C2 u naredne dve
godine finansiat 30 projelats sa ukupaim budzetom od
4milona evra Program PROMIS 2023 okupija 156 nauinia
iz 42 nautnoistrazhelke organzacie u SIbiL Ovi projekai
ne sam da jstaju kapacitete miadih nautnika, vet | grade
temele 23 njihows budutu kenlurentnost na globainom

A CIME SI SE TI BAVILA, JELENA?

transportuje se na deponie ili spaljuje na otvorenim
mestima oslobadaju¢i gasove stakiene baste u nadu
‘atmosferu tokom razisganja. Kod nas u e | regionu

Upravo U takvim  iiénim procesima se dobija biougal
~ material kojl se dobia od pojopriviednin ostataka
Manji deo nastaiog poljopriviednog otpada se skorist
ice,

digesti (proavodnja biogasal il pirolizi.
ATI, MARINA, U STA S1 SE TI UPUSTILA KROZ VO3
PROJEKAT?

Marina: U skiopu projets REDIRECT isra2ivadid tim u
‘Sebi 2apoteo je strazivanje procesa autolagie | negowog
AND WHAT WERE YOU WORKING ON, JELENA?

doprinoset \auike kasho U S, tako | u Svetu
Odiudill smo da ove tri miade naucnice. koje se pre
o40ga nisu ni poznavale, okupimo na jednoj ajanci na
Kojoj su jedna druge) pokusale da pradstave projete.

BOJANA, UKRATKO?

Bojana:t
| sve manjom cbradivom Zemijtu, poljoprivreda se
suotava sa izazovima koji 28htevaju inovativna redenja
Upravo u tom kontekstu, projekst LED-Tech-GROW
predstavija tehnologiju kofa keristi neorganske fosfore
Kako bi stvorila svetiost koja direktno doprinesi rastu
biljaka, povecanju prinesa | cduvanju 2hotne sredine.

Date:02/0 1/202 6

YOUNG FEMALE SCIENTISTS FROM .

Fosgraie/ 1. KATARINA SOSKIC

SERBIAWHO CHANGE THEWORLD Ty O,

«]

: ublougal
umesto da ga ostawumo po strani da se razgradi, ekololka problemi s mogu
ublaziti dok se proavode korisni materijali | energya. Piroliza je termitko raziaganje
ugljeniénih materjala u okrudenju bez Kseonika na visokim temperaturama,
{zmedu 6001 900 stepeni Celzjusa, a 1o nije isto &0 | sagorevanje i spaljivanje.
Jo, kroz ovaj projekat, koristedi

otpad proizvedemo biougall, da rad u laboratoril optimizujemo na takav natin
da se &0 manje rastvarata kortitl u procesu proizvodnje | da na kraju tom
biouglju damo dodatnu viednost koristed: ga kao inovatives materjal u senzoric
| odrednanju pesticida u vodama. Ova istrazivanja su kijuéna ne s3mo 2a fazvoj
senzorske tehnologlje, vet | 2a podizanje nvos svesti o klimatskim promenama

zemijista, smany 9 ) pesticida.

Kon

BOJANA, NEGDE
RAZMISLIAMO O OVO) PROBLEMATICL.

potenciainog uticaja na isponuku, transpert | Imunski odgovor peilkom primene RNK vakcine. Ovo
stradivane postavia temele 2a buduca istrativana | konkurentnost zemije u svetu trazhanje u
ovom domenu. Istrazianie sprovodi tim sastavijen od struénjaka 12 Instituta 2a nukleame nauke
Vinéa, : Torlaik' | Fakulteta 22

Pored nautnog 2nataja, ove istraivanje ima | Siru drustveny korist. Informisanje javnosti o
karakteristikama | sigumosti ovin vakcina maze doprineti povecanju obuhvata imunizaciie, o je
Kju2no 2a zsétitu najugrozenih kategoria, poput dece. Takode, implementaciia transtera RNK

o

vakeine Torlsk" mo2e imatl pozitivne ekonomske aspekte 2a 2emij

JELENA, STA DA URADIMO VRSTA DOPRINELI
RESENIU PROBLEMA GLOBALNOG ZAGREVANIA?

<<

@ &
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€ znatajno unapredit efikasnost | bezbednost vakeing, MARINA, YOUR TASK DOES NOT SEEM EASY EITHER
w2z moguénost meditikacije procesa autofagiie radi boje
Bojana: Tako je Jedinstencst projekta LED-Tech- delotvornesti bududih vakeina. lako se radi o baziénom
GROW le2i u njegovom pristupu 2a csvetlienje u potpuno istrafivanju, ofekuje s da e rezultati imati veli utica) Marina

2atvorenom prostoru koristedi iskiutivo prirodnu svetiost
koju emituju fosforni materijall. Ova tehnologija se
pokazala izuzetno efikasnom, narodito u svetlu sve cesdin
Kimatskih promena, susa | pa2ara koji sve vise ugro2avaju

na kingky praksu | unapredenje 2dravja populacije
Cinjenica je da ovo istiaivanje predstadja atrakinan
pristup 2a prevenciju Infektivnin bolest, sl takede ima |
veliki potencijal i 2a terapiju proti tumora.

obradivo zemijite.
'ONO $TO JA MOGU DA ZAKLIUCIM JESTE DA SU U

'DRUGI KLIUCNI ELEMENT PROJEKTA JE NJEGOVA NAUCI SVE VISE PRISUTNA ISTRAZIVANJA U KOJIMA
PPOTPUNA PRIRODNOST. NE KORISTE SE VESTACKA SE UKLJUCUU RAZLICITE OBLASTL JELENA, TO JE
DUBRIVA ILI HEMIKALIJE, VEC SE FOKUS STAVLJANA SLUCAI I SA OVIM NA CEMU TI RADIS?

STVARANJE OPTIMALNIH USLOVA ZA RAST BILJAKA,

Jufenw: Projclat_ Envieother Jo Jecon veld
multidisciplinarni podubwat koji okupljs strucnjake iz
raziditin oblasti hemie St omogutava hokstekd pristup
problemu. Uzimajuéi u obzir Snjenicu da je ova vista
istradivanje Kjuina 2a odriivu buduénost, projekat
EnviroChar predstavija primec kako nauks mode da pruzi
Inovativna resenja 2a aktuelne ekoloske izazove.

VE THAT WE SOMEHOW SHARE THE
ouTTI vE?

ATI EKOLOSKI IZAZOVI PREDSTAVLIAJU DODATNI
MOTIV ZA TEBE, BOJANA, JE L' TAKO?

Bojana: Tako je. Pored toga 4o doprincse fastu

ISKLIUCIVO UZ POMOC PRI

NIJE SAMO EKOLOSKI nlmmvv PRISTUP, vsc
1 EFIKASAN NACIN DA SE OBEZBEDI DOVOLINO
HRANE ZA SVE VECI BROJ STANOVNIKA PLANETE.

Marina: fosforje
tako
da ta svetiost _bude bas onskin aracarisiia woje su
nam potrebne

Bojana. Jedna od Kjutnih karakterstika fosfornih
materijala koje se Koriste u okviru ovog projekta jeste
njihova sposobnost da emitugu odredent boju svetlosti
Kroz analize istradhadi su utvrdili da su crvena | plava
boja njkarisnie bilkama je i apsorbuu ol drugl
biljni fotoreceptor. To 2nati da biljke mogu efikasn
da apsorbuju svetlost | da brle rastu, Sto rezultira vetim
princsima.

MARINA, NI PRED TOBOM NIJE LAK ZADATAK, ZAR NE?

Marina: Veoma je va2no istati da su vakeine ko
proiziaze 2 oveq istraivanja bezbedne. Rezultati studie

biljaka fostort

v 5 vaokom viagom. 10 h £ deainm 53
upotrebu u poljopriviedi. Ova tehnologia predstantia
pravi paradigment pomak u osvetljenju bijaka pruzajuci
efikasno resenje 2a buduce (zazove u proizvodni hrane.

AND THOSE ENVIRONMENTAL CHALLENG!
REPRESENT AN ADDIONAL MOTIVE FOR YOU
BOJANA, DON'T THEY?

Bojans:

resenje 23 sve vede lazove ko donosi rast svetske
popu (oglie, matemo se
G e R TR T
‘nasu planetu za buduée gener

ALI, PITANJE KOJE CESTO MENI POSTAVLIAJU, A
'VERUDEM | VAMA DVEMA, JESTE KOLIKO SMO MI

BUT THE QUESTION THAT | AM OFTEN ASKED, AND |
BELIEVE YOU TWO AS WELL, IS HOW RELEVANT ARE
WE HERE ON A GLOBAL LEVEL?

Mucoa: Cclaowodé 1, e ma, o verfon e 4o
odnosi | Ll T
fmenom REDRECT precatauis sam poteiac veé

idace,
u globaing) areni istrazivanjs.

Marina: v '

PROJEKAT

D Bojana Miliéewié radi u Centru zuzetnin vrednosti 2a konveraiju svetiosne energije -
 CONVERSE. U InSttutu 2a nuklesine nauke Vinga. Njen obrazoun put obuhata dokiorat

Kin t0 je postavilo
G8novu 22 proyekat LEDEch-GROW U okvirs programa PROMIS 2023, ot

PROJEKAT REDIRECT: AUTOFAGIIA KAO KLIUE ZA RNK VAKCINE

THE KEY TO RNA VACCINES

Dt Marina Stamenkout doazi sa Medicinsog fskultts, Unveritta u Beogradu
imunologiju

Varina, 2ajedno 2 svolim Lmom $powd projgkat REDIREKT 1 oty pmgrarm

PROMIS 2023, Fonda 2a nauku:

PROJEKAT BIOCHAR AS A SUSTAINABLE

Na Prirodno-matematitkom fekultetu Univerziteta u Novom Sadu, tim struénjaka

predvoden vanvednim profesorom dr Jelenom Beijin radi na projektu pod nazaom

_ErwireChar', koji se fokusira na proizvodinju bicugia. Projekat ¢e razviti odgovarajuci

biouglie u skiadu sa 2elenin principima | 2elenom hemijom | priment ga u ekoloskol

analitihoj | elektroanaltitko) hemij kao materjal 22 razvo] metoda 2a odredivanje |
n
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Biznis magazine, September

KLIUC ZA DUGOROCN RAZVOJ POLJOPRIVREDE

REVOLUCIJA U TEHNOLOGLI
LED RASVETE ZA UZGOJ BILJAKA

£ DR BOJANA MILICEVIC, VISI NAUCNI SARADNIK INSTITUTA ZA NUKLEARNE NAUKE, VINCA',

UNIVERZITETA U BEOGRADU

! kstu ‘7‘ bal urb i .;
U klju¢ za dugoroéni razvoj poljo-

privrede je efikasnije koriscenje
obradivih povrsina, radne snage i mo-
derne tehnologije. Zatvorene fabrike
za uzgoj biljaka se sve vise namecu kao
obecavajuce reSenje u okviru moderne
poljoprivrede i snabdevanja hranom
gusto naseljenih urbanih podru¢ja. Re-
voluciju u oblasti rasvete predstavlja
LED tehnologija koja pruza moguénost
ogromne ustede energije, medutim tre-
nutne LED tehnologije za uzgoj biljaka
nisu razvijene kao one za opstu rasvetu.

U Centru izuzetnih vrednosti za kon-
verziju svetlosne energije - CONVERSE,
u Institutu za nuklearne nauke Vinéa,
Institutu od nacionalnog znacaja za Re-
publiku Srbiju, Univerziteta u Beogradu,
tim struénjaka predvoden dr Bojanom
Mili¢evi¢ radi na projektu pod nazivom
»LED tehnologija zasnovana na Eu3+ lu-
mi iji i j bi za
isplativ rast biljaka u zatvorenom pro-
storu - LEDtech-GROW*, razvija savre-
menu i efikasnu LED rasvetu za uzgoj
biljaka kao kljuéno resenje za uspesnu
buduéu proizvodnju u zatvorenim uslo-
vima.

Projekat LEDtech-GROW donosi ino-
vacije u oblasti LED tehnologije, koje
su specijalno prilagodene potrebama
biljaka. LEDtech-GROW planira razvoj
neorganskih materijala koji ¢e efikasno
pretvarati elektricnu u svetlosnu ener-
giju koja je specifiéna za fotosintetske
procese kod biljaka, sto je razlicito od
svetlosti potrebne za opstu rasvetu.

Kako LED svetla mogu spasiti
poljoprivredu: novi pristupi za odrZivu
proizvodnju hrane u uslovima rastuce
urbanizadje

Prema procenama Organizacije za
hranu i poljoprivredu Ujedinjenih na-
cija, o¢ekuje se da e svetska populacija

Dr Bojana Milicevic

u narednih 30 godina porasti za dve mi-
lijarde, sa trenutnih 7,7 milijardi na 9,7
milijardi do 2050. godine. Ovaj rast ima
ozbiljne posledice na ravnotezu izmedu
rastuce populacije i obradivih povrsina.

Date:02/0 1/202 6

2024, No. 36

povrsine, kao i intenziviranje negativnih

lodica kii kih

P 34

Inovacije kao kljuc za odrzivu
poljoprivredu

Inovacije su neophodne ne samo za
poboljsanje efikasnosti u pretvaranju
dostupnih resursa u proizvod, vec i za
ocuvanje ogranicenih prirodnih resur-
sa. Zatvorene fabrike za uzgoj biljaka
sa stackom loséu pl-ﬂJ ‘,,
obecavajuca reSenja za buducu poljopri-
vrednu proizvodnju. Trenutne strategije
vestacke rasvete bazirane na plavim i
crvenim LED svetlima imaju nedostatke
kao $to su odvojeno napajanje, nesklad
u spektralnoj distribuciji i promena boje
sa promenom snage. Stoga je kontro-
lisani LED izlaz koji odgovara spektru
fotosintetskog aktivnog zracenja biljnih
fotoreceptora neophodan u zatvorenim
fabrikama i staklenicima zbog svog po-
tencijala da poboljsa prinos i ubrza pro-
cese rasta biljaka u odsustvu sunceve
svetlosti.

Napredak u razvoju neorganskih
materijala za LED rasvetu

Nauéni timovi se suo¢avaju sa znacaj-
nim izazovima u razvoju materijala koji
se koriste za LED osvetljenje, s obzirom
na potrebu za optimizacijom svetlosnog
spektra koji stimulide rast i razvoj bilja-
ka. IstraZivanja u ovoj oblasti su pokaza-
la da neorganski materijali, kao §to su
aluminati, garneti i perovskiti, aktivira-
ni cetvorovalentnim jonima mangana
pokazuju nisku kvantnu efikasnost (ma-
nje od 50 odsto) i $iroku emisiju u du-
boko-crvenim talasnim duzinama, $to

Prema trenutnim pre , Kkolici-
na obradivih povrsina po osobi u svetu
drasti¢no opada, smanjujuci se sa 0,38
hektara u 1970. godini na 0,23 hektara
u 2000. godini, s predvidenim padom
na samo 0,15 hektara po osobi do 2050.
godine.

Poljoprivreda u 2050. godini trebalo
bi da proizvede oko 50 odsto viSe hrane,
sto¢ne hrane i bioenergije nego u 2012.

h,

juje efikasnost LED svetala i ne za-
dovoljava spektralne zat biljaka. Sa
druge strane, fluoridni materijali aktivi-
rani jonima mangana su pokazali zna-
¢ajno vecu kvantnu efikasnost, medu-
tim, njihova sinteza je izuzetno opasna,
a nedostatak duboke-crvene emisije ne
moze dovoljno stimulisati fitohromne
fotoreceptore biljaka. Takode, poznato
je da fluoridni materijali aktivirani jo-

nisu u

godini, kao i da urb

na podrucja na isplativ na¢in. Kljuéno
pitanje je da li danasnja poljoprivreda i
snabdevanje hranom mogu zadovoljiti
buduce potrebe uzimajuci u obzir rastu-
¢e pritiske na vec¢ ograniCene obradive

nima bilni u vlazni

okruzenjima, kao $to su staklenici i za-
tvorene fabrike za uzgoj biljaka, zbog
njihove sklonosti ka hidrolizi i stvaranju
mangan-oksida i hidroksida. Kao rese-
nje, istrazivaéi se okrecu materijalima
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aktiviranim trovalentnim jonima eu-
ropijuma koji nude visoku stabilnost,
efikasnost i uske crvene i narandzaste
emisione linije, dok u specifitnim slu-
¢ajevima moze dodi i do emisije inten-
zivne duboko-crvene svetlosti koja je
neophodna za razvoj biljaka u zatvore-
nim fabrikama i staklenicima. Nedavne
studije su pokazale da se moze ostvariti
do 20 odsto uitede energije za bele LED
diode koris¢enjem europijum-aktivira-
nih nanocestica.

LEDtech-GROW projekat ima za cilj
razvoj materijala na nano i submikron-
skoj skali sa preciznom kontrolom op-
tickih svojstava putem p energije,

proizvodnju vidljive svetlosti. Pomenuti
materijali apsorbuju deo plave ili bliske
ultraljubiCaste svetlosti i emituju sve-
tlost na veéim talasnim duZinama. Naj-
Cesce, za proizvodnju belih LED svetala
koristi se plavi poluprovodni¢ki ¢ip, Zuti
i crveno emitujuéi neorganski materi
jali. Slican pristup se koristi i za proi-
zvodnju LED svetala namenjenih uzgoju
biljaka. Medutim, prilikom upotrebe
LED svetala pobudenih plavim ¢ipovima
moze doci do neslaganja u bojama ito
dalje mozZe uticati na efikasnost rasvete
za biljke.

Istrazivanja u okviru LEDtech-GROW

komb:

$to otvara brojne mogucnosti za sledecu
generaciju LED svetala specijalizovanih
za uzgoj biljaka. Ova tehnclogija kori-
sti plave emitere - jone bizmuta, kao i
crveno i duboko-crvene emitere - jone
europijuma, omogucavajuéi optimalnu
ravnotezu izmedu apsorpcije, emisije i
prilagodljivosti spektralnog oblika, po-
krivajuéi ceo spektar fotosintetski ak-
tivnog zracenja biljnih fotoreceptora.
Neorganski materijali koji kombinuju
plavu emisiju koja poti¢e od jona bizmu-
ta sa jedi crvenom i

duhok

Proj ) )
poluprovodnikog ¢éipa baziranog na
bliskom ultraljubi¢astom svetlu i neor-
ganskih materijala aktiviranih jonima
bizmuta i europijuma koji emituju plavu,
crvenu i duboko-crvenu svetlost, a koji
su sintetisani u nadoj laboratoriji. Plava
emisija stimulise fotoreceptore kao ito
su kriptohromi i fototropin, uska crve-
na i duboko-crvena emisija fitohromne
fotoreceptore, dok se celokupna emito-
vana svetlost poklapa sa apsorpcionim
spektrom hlorolofila a i b. Koris¢enjem
ove tehnol i sam ¢ip emituje male

crvenom emisijom jona europijuma po-
vecavaju svetlosni izlaz za foloreceptore,
kao $to su kriptohromi i fitohromi, dok
istovremeno cbezbeduju visoki kvalitet
boje. Da bi se postigla optimalna vise-
bojna emisija materijala neophodan je
i efikasan prenos energije izmedu jona
bizmuta i europijuma.

Materijali koji su paZljivo odabrani po-
kazuju snaznu emisiju zbog visoke kon-
centracije aktivatorskog jona, otpornost
na vlagu, $to je od sustinskog znacaja u
zatvorenim fabrikama i staklenici

kolicine bliske ultraljubicaste svetlosti
koja moze stimulisati pterin fotorecep-
tor i poboljsati cirkadijalni ritam i foto-
tropizam biljaka.

Uticaj na odrzivu poljoprivredu i
bezbednost hrane

LEDtech-GROW nudi redenja u pogle-
du dizajniranja LED svetla koja direktno
uti€u na ubrzani razvoj biljaka i poveda-
nje njihovog prinosa u zatvorenim fabri-
kama i staklenici Usled Kkli kih

zbog visokih vlaznosti u kojima funkcio-
nidu, i precizno uskladivanje sa fotosin-
tetski aktivnim spektrom zracenja, $to je
kljuéno za kontrolu biljnih metaboli¢kih

£1. g

promena, kao $to su rastuce temperatu-
re i sve uéestalije sude, pozari i invazije
§Steto¢ina, dolazi do gubitka biljnih vrsta
i povecane potraznje za hranom. Naj

Pprocesa, rasta, ja i biljnih
prinosa.

PoboljSanje efikasnosti i stabilnosti
svetlosnih izvora u viaznim i zahtevaim
uslovima

Tradicionalna LED rasveta koristi
poluprovodnicke ¢ipove na bazi gali-
jum ili galijum-indijum nitrida u kom
binaciji sa neorganskim materijalima
za konverziju svetlosti, $to omogucava

projekat radi na razvoju LED tehnologije

Date:02/0 1/202 6

nauku Republike Srbije, predstavlja zna-
¢ajan iskorak u modernizaciji poljopri-
vrede i ofuvanju Zivotne sredine. Ovaj
inovativni projekt fokusira se na napred-
ne aspekte nauke o materijalima, istra-
zujuci kako se emisioni spektri sintetisa-
nih neorganskih materijala uskladuju sa
fotosintetski aktivnim zra¢enjem biljnih
fotoreceptora, te na razvoj nove genera-
cije LED svetala koja su posebno dizaj-
nirana za poboljsanje rasta biljaka u od
sustvu sunceve svetlosti. U buduénosti,
nas rad ¢e se usmeriti na unapredenje
metoda uzgoja biljaka i sveobuhvatno
pracenje njihovog razvoja.

Planiramo da istrazimo nove pristupe
u tehnologiji uzgoja, ukljucujuci optimi-
zaciju uslova rasta, poboljsanje hranlji-
vih materija i primenu naprednih tehni-
ka za kontrolu okoline. Nasa nastojanja

¢iji je potencijal da obezbedi
razvoj biljaka u zatvorenim sistemi-
ma, smanjenje potreba za pesticidima
i dubrivima, kao i izlozenost radnika
pasnim hemijski Ujedno,
manja potrosnja vode i hemikalija u pro-
izvodnji hrane takode doprinosi ocuva
nju Zivotne sredine i poboljSanju nutri-
tivnog kvaliteta i bezbednosti hrane.
Projekat LEDtech-GROW, finansiran
kroz Program PROMIS 2023 TFonda za

ée ukljuéivati dnju sa struénjacima
iz razliéitih oblasti, ukljuéujuci agro-
nome, biotehnologe i inZenjere, kako
bismo integrisali najnovija saznanja
i tehnologije v na$ rad. Cilj nam je da
stvorimo efikasne i odrZive metode uz-
goja koje ¢e omoguditi bolje rezultate u
poljoprivredi i doprineti ukupnom po-
boljganju proizvodnje hrane, ¢ime ¢emo
dodatno podrzati odrzivu poljoprivredu
izastitu Zivotne sredine,
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4.4.Final report

LED Rasvete
za uzgoj biljaka

Prema
hranu
nacija,

godine.

Kljuéno pitanje je da li danasnja

poljoprivreda mozZe zadovoljiti

potrebe uzimajuéi u

obzir rastuée pritiske na veé

ograniene obradive povriine,

kao i intenziviranje negativnih
ledi wli ik

buduée

procenama  Organizacije za

poljoprivredu  Ujedinjenih

oéekuje se da ée svetska
populacija u narednih 30 godina porasti
za 2 milijarde, sa trenutnih 7,7
milijardi na 9,7 milijardi do 2050.
Ovaj rast ima ozbiljne
posledice na ravnotezu izmedu rastuée
populacije i obradivih povrsina.

Amount of arable land per person
(hectares)

P P
(sve ulestalije suse, poZari i
invazije
biljnih

vrsta i poveéane
potraznje za hranom).

Stetolina,  gubitak

: X

Kontrolisani LED izlaz koji odgovara spektru
fotosintetskog  aktivnog
fotoreceptora neophodan je u zatvorenim
fabrikama i staklenicima zbog svog potencijala
da poboljSa prinos i ubrza procese rasta
biljaka u odsustvu sundeve svetlosti. ‘

LEDtech-GROW radi na
razvoju LED tehnologije
u cilju obezbedivanja
neometanog razvoja
biljaka u zatvorenim
sistemima, smanjenjenja
potreba za pesticidima i
dubrivima, kao i
izloZenosti radnika
opasnim hemijskim
agensima. Ujedno, manja
potroinja vode i
hemikalija u proizvodnji
hrane takode doprinosi
oduvanju Zivotne sredine
i pobolj$anju nutritivnog
kvaliteta i bezbednosti
hrane.
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Annex VI

List of scientific publicationsz regularly updated in the DCE Plan and LEDiech-GROWWebsite

Date:02/0 1/202 6

No. AUTHORS ARTICLE TITLE JOURNAL STATUS
Bojana Mili ¢ A OAdeksandar ~ Eu3*- activated Sr>GdF, ; -
GEO®GEc¢ T OAT 2 E OO colloid and nano -powder Aﬁgrrs]aar?d
1. Abdullah N.Alodhayb, Ivana for biomarker and Com)E)oun ds Accepted
2 AAT OAOI EAGEG horticulture LED (M212)
'l OEch - EOI Ol At
+AOAOET A -EI AT E Red emission
MAé AT ET &AOh 3, enhancement in .
2. wAl EEA '1 AEOAT / BaYFs:Eu* phosphor Optlcl\s/lelxpreSE Accepted
- EOT Ol AO $ 8Bojan@ A nanoparticles by Bi 3+ co- (M21)
-EIl EcADE¢ doping
*T OAT A 0AOEHAAN Tuneable red and blue
T AEOAT AAO GEOE emission of Bi3*- Nanomaterials
3. wAl EEA 11 OEctk codoped S F:Eu3+ Accepted
$OAl ECATEBAITRA - E nanophosphors for (M21)
agricultural LEDs
VEALA - Ei\l?kmd&ro E Pr3+-Activated SroLaF;
GEOBAOAOET A D E Nanoparticles as a il
4. 1 OAl  2EOBEAR, 0 single-Phase White- o0 "o*MS  accepted
wAl EEA ' T OEc¢h Light -Emitting (M21)
$OAl Ec AT EI Nanophosphor
Tailoring red and deep -
, EOAEAA MA6VAraE red light: Bi 3 doped
5 0AOEHAOAT A : AE SrGdo2Euo sF7 Results in P
' 2EOOE¢h -EI A - phosphors for next - Physics (M21)
$ OAT E¢'ATEEAITRA - E generation horticultural
LEDs
, EOAEAA MAJéVArMaE Eud+-Doped SrzLaF,
0AOEHAT OAT 2EO Nanopowders as .
£AOAET OOEEON Efficient Red and Thl:;r(;)r?artiecsasl I:nd
6. Pankratov, Abdullah Deep-Red Emitters for Experimental Submitted
Alodhayb, Lukasz Marciniak, Advanced Physics (M21a)
Sanja Kuzman, Miroslav D. Horticultural Lighting ’
$ OAl E¢'ATEERAITRA -
|1 AEOAT A Markusgug g Alonthm for Judd -Ofelt )y 5ceq
7 L F('jrste,r,.quap a- EIME g; :;?S)S(I)Snz erctru:gmcasee}: ottt Submitted
' Tamara’ AGOELAIGHEGE ~ ' < gr LaF, pras Materials
Miroslav$ OAT Ec¢ AT ¢t y 2= v (M21a)

nano-powder
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Annex VI

List of Poster presentations at scientific congressesregularly updated in the DCE Plan and LEDtech

GROWWebsite
No. AUTHORS PRE?IE_II_\]L-:-EAHON CONGRESS DATE PLACE
Katarina Three -fold 12t International June 16 Riga,
- E1 AT EViesh& ¢ enhancement of Conference on 21, 2024 Latvia
MT Oi AOEc¢ h Eud emission Luminescent Detectors
1. Kuzman, Jovana intensity in BaYF s and Transformers of
0AOEHAAHK " nanoparticles by lonizing Radiation
- El EcAOEc | Bi3 co-doping (https://www.cfi.lu.lv/e
$8 $O0OAI E¢ n/lumdetr2024/ )
"TEAT A - EI Synthesis, The 7" International  August " Aé E¢ E
'T AEOAT AA  luminescent Conference onthe  26-30, Montenegro
: 1T OAT 2 E O« properties, and Physics of Optical 2024
-AAEc¢h ) thermal stability Materials and Devices
5 Radosavljevic Evans,  of Eud*-doped &
' wAl EEA | Sr,GdF; red- The 4" International
Miroslav D. emitting Conference on Phosphao
$ OAIl E¢ AT nanophosphor for Thermometry
horticulture LEDs  (https://icomonline.org/
)
Sanja Kuzman, Synthesis and The 7 International  August " Aé Ec¢ E
"1 EAT A - E photoluminesce Conference onthe  26-30, Montenegro
*1 OAT A 0/ ntproperties of Physics of Optical 2024
T AEOAT AA Bi3+- codoped Materials and Devices
3 I OAT 2EO( SrF:Euwst &
' 'l OE¢h - E phosphor The 4" International
nanoparticles Conference on Phosphao
Thermometry
(https://licomonline.org/
)
4. Katarina Microwave - The 7% International August " AéEcE
- E1 AT EVesh& assisted Conterence on the 26-30, Montenegro
MT Oi AOEc¢ F solvothermal Physics of Optical 2024
. AET OEch method for Materials gnd Devices
02 E g Ig |3E| g F? RbVYV?tI;mE?JO?’Eed The 4h International
_El EcAOEG Conference on Phosphao
NAT B Thermometr
$8 S$O0OAI E y
(https://licomonline.org/
)
5. , EOA E_A A M Eu3*-Doped 6th International October Tenerife,
Far, Bojana SrLaF, Conference on 27- Spain (pp o
-EIEg 'AVO E ¢ nanopowders for ~ MATERIALS SCIENCE 30,2025  119-120). qV
OAOEHARK ! Indoor Plant NANOTECHNOLOGY 2
o
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GROW P
GEOEc¢h +. GrowthLED Future Materials 2025
-El AT ET OE Applications (https://materialsconfer
Kuzman. and ence.yuktan.com/poster
Miroslav D. presenters)
$ OAIl Ec¢ Al
6. Sanja Kuzman, Emission 6 International October  Tenerife,
LjubicaMA é Al | Enhancement by Conference on 27- Spain (pp
Far, Bojana Bi3* Co-Doping of 30,2025 121).
- El E colla®E ¢ Red-Emitting MATERIALS SCIENCE
NANOTECHNOLOGY

nanophosphor for
GE O Btgriha + Horticulture LEDs
-EIT AT ET OF

Miroslav D.

$ OAIl Ec¢ Al

Future Materials 2025
(https://materialsconfer
ence.yuktan.com/poster

presenters)

List of Invited and Oral presentations at scientific congressegregularly updated in the DCE Plan and

LEDech-GROWNebsite
No. AUTHORS PREiIIE_II_\ILTEATION CONGRESS DATE PLACE
Sanja Kuzman, The 3¢ Serbian
I EAIL A - EI Bjsmuth -Sensitized Conference on
+AOAOEI A - | Eus+Luminescent Materials Application October16- Belgrade
1. *1T OAT A 0A LED Technology for and Technologyy 18,2024 _
MiroslavD. Effective Indoor SCOM2024 Serbia
$OAIlI Ec AT Plant Growth (https://www.razvoj
(Invited talk) nauke.org/)
N . o <~ - <~ Judd-Ofelt Analysis 6t International
1 AEOAIT _A’AO I £ 000¢dg Conference on
Markus Suta, Bojana  gmjssion Spectrum ~ MATERIALS SCIENC October  Tenerife
- E1 EcAOE¢H Approach for & NANOTECHNOLO( 7. EDAT
4 AT AOA ' AO  Advanced LED Future Materials 2025 %, (oD 35)

Al EEEOT Ol A
$ OAI E ¢0xd talk)

Phosphors and
Scintillators

(https://materialsconf
erence.yuktan.com/fe
atured-speakerg

PageZB
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List of general public events

Date:02/0 1/202 6

No. ATTENDEE PRESENTATION EVENTS DATE PLACE
Principal .
investigators of The Science F“”?'
: celebrated 5 years since
e A oA s 3 30 projects : _
1 "I'EAl A - E supported under its establishment March 20, Belgrade,
' *7 OAT A o the PROMIS 2023 (https://fondzanauku.go 2024 Serbia
program were v.rs/2024/03/fond -za
presented at the nauku-svecangobelezio
ceremony 5-godina-od-osnivanja/)
o LeaﬂeF and The 66" International Fair  \arch 21-  Belgrade,
2. *1 OAIl A 0 promOtlona| of Technigues and .
: echniqu 24,2024 serbia
material Technical Achievements
L 15% European
“i EAT A - g Revolutionizing Researchers' Night, ~ September Belgrade,
3. . LED technology _ . . _
Sanja Kuzman (https://nocistrazivaca. 27,2024 Serbia
for plant growth S
rs/radionice_i_program
i/ledtech -grow/ )
List of training events
TRAINING
No. ATTENDEE TRAINING TITLE TRAINING ORGANIZED DATE PLACE
- AOEEADAODE
coordinator of Management
All team How to make the best Office projects at Vinca  February 6,
1. use unfunded project Institute for Nuclear 2024 Online
members . X .
proposals? Sciences, National Institute ¢
the Republic of Serbia,
University of Belgrade
Ljubica Training for preparin February 22,
5 MAé Al EI writin 9 and F;narr)la ir?’ The European Training February 23, Belgrade,
' Bojana Hogriz’on ro'ectsg 9 Academy (EUTA) February 27,  Serbia
- El EcA ProJ March 1, 2024
The Intellectual Property Office o
3 All team Protection of Trade the Republic of Serbia (Lecturer:  March 5, Online I
* members Secrets |1 AEOAT AOA - EE 2024 Y
Director) g
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The Intellectual Property Office o
the Republic of Serbia (Lecturer:
4 All team Introduction to . AOAHA - EI 1 OAT 1 March 12, Online
' members Patents Department for Mechanical 2024
Engineering, Electrotechnics anc
General Technology)
International The Intellectual Property Office o
5 All team Protection of the Republic of Serbia (Lecturer: March 19, Online
' members : T AEOAT AOA - EE 2024
Inventions :
Director)
The Intellectual Property Office o
Software the Republic of Serbia (Lecturer:
5 All team rotection with a . AOAHA - EI 1 OAT 1 March 26, Online
' members P Department for Mechanical 2024
patent : . .
Engineering, Electrotechnics anc
General Technology)
Compiling an The Intellectual Property Office o
ompring the Republic of Serbia (Lecturer: :
All team application for the + A1 R T A oo April 2, .
7. : AT ATA 411 E¢ +. Online
members protection of an . 2024
: : Department for Chemistry and
invention :
Chemical Technology)
Bojana 4EA %OOIl PAAIT September
8. -EIl EcA LEDtech-GROW Night, Faculty of Physical 28p 2024 Online
Sanja Kuzman Chemistry, Belgrade, Serbia '
Eojena
9. - 81 56 A Excel Masterclass LT AEOAT AAOD + OCOPers  ine
Sanja Kuzman, 2024
*T OAT A
10 All team Introduction to International Centre for April 23, Online
' members JADE® Diffraction Data (ICDD) 2025
Open Science and
Obligations for o ) o
11 All team Participants in the 6EIl €A )1 OOEOO Mayl13, Belgrade
' members Science Fund of the  Sciences, University of Belgrade 2025 Serbia
Republic of Serbia
Program
Ljubica .
MA¢ Al | Horizon Europe
IR ity . .
12. I O A I A WIDERA Work European Commission May 20 Online
Katarina
-+ s~ =<  Programme 2025
- E1 AT EI n
By - May 20 N
13. - El EcA Horizon Europe European Commission Y2 online &
Sanja Info Days z Cluster 2025 IS
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Kuzman, 6: Food,
Aleksandar Bioeconomy,

GE OE ¢ Natural Resources,
Agriculture and
Environment

Powder X-ray
All team Diffraction z Better International Centre for May 21,

14. members Data Equals Better Diffraction Data (ICDD) 2025 Online
Results
The ICDD Raman
15 All team File: Design, International Centre for June 25, Online
' members Content and Diffraction Data (ICDD) 2025
Applications

5.Summary of Deliverable 0.1 7z Report on Eu’+ and
Bi3t/Eu3+-activated phosphors synthesifWP1, month 12)

4EEO OADPI OO j $AI EOAOAAT A 3$pARpA DOADAEDO OE A
inorganic fluoride phosphors developed within the LEDtecHGROW project under WP1.
Detailed descriptions of the synthesis methodologies, tools, and procedures are provitat
the project deliverables repository (https://ledtechgrow -promis.org/Deliverables/ ). Below,
we focus on a concise overview and summary of all synthesized phosphor materials
specifically designed for planttargeted LED applications in horticulture, ensuring alignment
with the scientific objectives and planned activities of WP1.

Synthesis of colloidal and powder Eu 3+-doped Sr.GdF nanoparticles 17 WP1,
subactivity 1.2

Table 1 The amounts of precursors needed for synthegig8rGd.«F:xmolEw+ samples.

Samples Sr(NOs)2  Gd(NOs)sl6H.O  Eu(NOs)sl6H,O NHisF  EDTA
(9) (9) (9) (9) (9)

SGHx=0.00) 1.0582 1.1284 "

SGF_5E|x=0.05) 1.0582 1.0720 0.0557

SGF_10Eyx=0.10)  1.0582 1.0156 0.1115

SGF_40Eyx=0.40)  1.0582 0.6770 0.4460 1.1111  0.9306

SGF_60EUx=0.60)  1.0582 0.4514 0.6690

SGF_80EUx=0.80)  1.0582 0.2257 0.8919

SEF(x=1.00) 1.0582 " 0.9306

page? O
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| ] ] 20 hours!lwo oc
P u e /9°° [ Addition of NHF in Adjusting pH
g“ 3 — Vs deionized water / to6using NH,OH
£ g drop by drop . §
= F1E
Solution A: _/8° ‘,,\ < | — T I] ) ?
Metal nitrates in deionized water| B-2J e | &
—~ E3y q ’
] el Mixing Formation of white \
& Solution A & Solution B precipitate J
2
Drying in air atmosphere <«
Solution B: -—— 1

|

K e |
EDTA-2Na in deionized water _ Homogenization ‘
|

/

B8 Y SGF colloidal solution

SGF nanophosphor

Figure 4. Schematic illustration of the colloidal and powder SGF:Eu nanophosphors preparation.

Synthesis of powder Bi 3*-doped Sr2EuF7 nanoparticles 1 WP1, subactivity 1.2

Table 2 The amounts of precursors needed for synthesizinge8i.«F:xmol% BB+,

Samples Sr(NOs). Bi(NO3)3 Eu(NOs)3l6H,0 NH.4F EDTA
(9) 9) (9) 9 9)
SEF_1Bix=0.01) 0.0099 1.1041
SEF_2B{(x=0.02) 0.0197 1.0929
e 1.0582 1.1111 0.9306
SEF_5B{(x=0.05) 0.0494 1.0595
SEF_10Bi(x=0.10) 0.0988 1.0037

Synthesis of powder Bi 3*-doped Sr2Gdo.2Euo.sF7 nanoparticles i WP1, subactivity 1.2

Table 3 The amounts of precursors needed for synthesizing-Boped SfGd 2«E W sF:xmol% Bi+.
Sr(NOs)2  Gd(NOs)3-6H,0 Bi(NOs)s Eu(NOs)sk  NHsF  EDTA

Samples ) ) @  6H:0() (@ )
SGEF 0Bi (x=0.00) 0.1947 -

SGEF 0.2Bi (x=0.002) 0.1922 0.0025

SGEF 1Bi (x=0.01) 1.0582 0.1849 0.0099 0.8922 1.1111 0.9306
SGEF5BIi (x=0.05) 0.1460 0.0494

SGEF 10Bi (x=0.10) 0.0973 0.0988

This project is supported by the Science Fund of the Republic of Serbia, GrathMN,
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Bis*-doped SrzLaF7 1 WP1, subactivity 1.2

Table 4 The amounts of precursors needed for synthesizing 8F;:5mol%B#*.

Precursors n [mol] m [g]
SI(NG)2 0.005 1.05815
La(NGs)3-6H.0 0.002375 1.0284
Bi(NGs)s 0.000125 0.0494
NHsF 0.03 1.1111
EDTA 0.0025 0.9306

Bi3*-codoped SrzLaosEuoaF7 T WP1, subactivity 1.2

Table 5 The amounts of precursors needed for synthesizing & sEuw 1.

Precursors n [mol] m [g]
SI(NG)2 0.005 1.05815
La(NGs)3-6H.0 0.00225 0.9743
Eu(NG)3-6H0 0.00025 0.1115
Bi(NOs)3 - -

NHsF 0.03 1.1111
EDTA 0.0025 0.9306

Table 6 The amounts of precursors needed for synthesizing &ysEw.1Bio.1F.

Precursors n [mol] m [g]
Sr(NG)2 0.005 1.05815
La(NGs)3-6H.0 0.002 0.8660
Eu(NG)s-6H,0 0.00025 0.1115
Bi(NGs)s 0.00025 0.0988
NHsF 0.03 1.1111
EDTA 0.0025 0.9306

3UT OEAOCEAT b AEAKDB&H B®ED DAA 13008 DA B AHINAO

OOAAAOEOEOU p8p

4AAT ROABOOOTI OO A1 O OUPOBAOEDHEE MO bhi LT h AvdBD&eT

3AT BI A I AAOAOGE/ 30j.Q/  %Oj Qo (/ . A& %'
o T AT A i €4 i €q i ¢q 1149

3 £ %D &o 3 Q&p %O M8CMNMW! MBMMNTTQ

3 2 %Qs & 3 Q&L %O M8C¢MpPp  TN8MCCO

3 26 Rel 3 Q&p T %O M8P WM TM8NMT T @ T8TMYT pu

3 2 %Rs & 3 Q&p v %O MT8PpYX W T8TPPW

3 96 Rk 3 Q& %O T8POPW NMEMYWC
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4AAT AOABOOOT OO AI O OUIOBAIEG MUAROIF]I (ME T"LER T KET B O& wh g
wtq OAiI bl Ads

Abbreviated Sr(NGs)2 Eu(NGs)sl Bi(NO3)s NaF EG
Sample Name (9) 6H-0 x5H,0 (9) (ml)
(9) (9)
SI‘o,4EUo,1Bio,5Fz SI’FzZlOEUSBi 0.1799 0.0243
SI‘o,gEUo,lBio,le SI’FzZlOEUlOBi 0.1693 0.0485
Sro.7sEU0.1Bio.15F2 Srk:10EuUl5Bi 0.1587 0.0725
Sro7EU0.1Bio2F2 SrR:10Eu20Bi  0.1481 0.0446 0.0970 0.0840 15
SI‘o,eEUo,lBio,ng SI’FzZlOEU\?:OBi 0.1269 0.1455
SI‘o,sEUo,lBio,4Fz SI’FzZlOEU4OBi 0.1058 0.1940
Sro.4EU0.1BiosF2 SrR:10EU50Bi  0.0846 0.2425

Table 9. Exact amounts of precursors used for the synthesis of Imm8FBef20Bi sample

Samole Abbreviated Sr(NGs)2 Bi(NOs3)3l5H.0(Q) NaF(g) EG (ml)
P name (9)
Sro.gBio.2F2 SrR:20Bi 0.1693 0.0970 0.0840 15
NaF _— & &
e 150°C
.l W\ /\a = 'Y 10min
' ~— J.',' Y600 rpm
% %mm»-—-"”
,\t;.’//)'g stirring 8 ,
8 EBO min :
- = e

~

® EU(NO;)EX 6H:O — andn'®
® Bi(NO.).x 5H.0 \ ——

X 7min { ¥12000 rpm
washed three times with EtOH

SECG®OA3ZAEAI AGEA BIOAAEG®EIORNOEL Q& BEA DPAOOEAT A0S

sz N A s o~ oAz s 2 oA N

4AAT BHOAADOOT 00 A1 O OUWOEAGHP GiEAZDh (wihi v TihEv'wA& @

Abbreviated Ba(NQs): Eu(NGs)3-6H,O  NaF EG

Sample
name (9 (9) ()] (ml)

Bag.ggEUg 01 F2 BaF:1Eu 0.2587 0.0045
Bag osEUg o5F> BaF:5Eu 0.2483 0.0223 o
BagoEuo.1F2 BaFk:10Eu 0.2352 0.0446 0.0840 15 N
BagssEug.15F2 Bak:15Eu 0.2221 0.0669 o
Bao.sElo2F» BaR:20Eu 0.2091 0.0892 &
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Bi3* Ba(NOs)2 Y(NO3)3-6H,0  Eu(NOs)z:6H20  Bi(NOs)s NH4F
(mol%) (mmol) (mmol) (mmol) (mmol) (mmol)
0 0.90 /
5 0.85 0.05
10 0.80 0.10
20 1.00 0.70 0.10 0.20 7.00
30 0.60 0.30
50 0.40 0.50
o
Precursors Dropwise addition of
dissolution NH4Faq)
‘ Ba(NOs), solvents: H;0 and glycerol
@ Y(N0.)x6H:0 R {

Nt ————— N

@ cu(No)x6H,0 0 . 0 3

@ siNo.):x5H0

-~ -

Stirring

— — .
(&) — L AP

© o 3]
Air drying of Centrifugation at 4000 rpm Transferred to
nanoparticles d f(?r 1tg iTiSand solvothermal reactor
ed with H; St
" FRO/EtOH mixture §rsoc F21h
SECODAIAEAI AGEA EI 1 OOOOAOQET 1T ww@EheOEAATATE AG GEEAR O} Gie

POAAOOOI OO xAOA ET EADEVAAQI AEIOODOOBA Al A Ay ixBIOABA A
i OOAP®m8 v! £#OAO OECT O OO OOEOOET ¢Ch OEZ EQORGOIADT Q1A
AT A EAAOCAA &I jOOA# xAB8O 4@l OAOOI OET ¢ T AT T PAOOE.
AAT OOEAZAOGCAAR AT A gm0 O AOU ET AEO j

3UT OEACEAT DEA%»AR AcH Bgd PAA' ARAT | DA XGBMAIKRAO

Z N~ A s o~ A 2 s 2 oA N

OOAAAOEOEOU p8g

4AAIpHD OAAOOOT 00 Al @Ol DEAE DITAB " A

Ba(NOs)2 Gd(NOs)3-6H20 Eu(NOs)2-H20 NH.F
BaGd

aGdrs @ © @) ©)
BGF:10Eu 0.2570 0.4059 0.0447 0.2590
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Eu(NOg)s- NH4F(g) EDTA(9) Citric

RbYsFio RbF (g) Y203(Q)

6H20 (9) acid(g)
RYF:10Eu_1 / 0.2880
RYF:10Eu 2 /
RYF:10Eu_3 0.1525 0.0670 0.4384
RYF:10Eu 4
RYF:1Eu 0.0522 0.1678 0.0067 0.1850
RYF:5Eu 0.1610 0.0335 /
RYF:15Eu 0.1441 0.1006 0.0730
RYF:30Eu 0.1186 0.2010
RYF:50Eu 0.0847 0.3350
issolution i issolution i
@ Drspiton 2 B
Y203 evaporation Ethylene glycol
Eu(NO3)sx6H:0 : ~ 7
RbF

o pH adjustment
with NH,OH

0000

NH.F P

Citric acid/ EDTA/ (N ol > @

Na,EDTA - e Stirring !/ \D
T15min

TR (— P g stining

K ) 9 ' £ 4 2 Z15min
Yy mm—— Y ¥ aetall »
— r -"' - N.
o Air drying of Centrifugation at Microwave
nanoparticles 4000 rpm for 10 min hydrothermal
washed several times reactor
with EtOH and EtOH/
Ha0 mixture ﬂ:‘IBD'C 545 min

&ECODAIAEAI AOEA EI 1 OOOOAOQOET 2 AR £ @EAATAT B A0 OEAINA G

sz -

3UT OEAOCERDT PEARAT | DPAOBAINAO®OAAA

(@}
mh

OEOU p8p

4AATID ORAAOCOOERWOD GE &G 1T 1Ax 00 b1 A0S

GdFs Gd(NG;)3-6H20 Eu(NGs)2-5H.0 NHiF
(9) (9) (9)
10 mol.% Eu 1.6248 0.1784 0.4444
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8 ml HzO +
4 ml Ethylene glycﬂ -
/ = mixing 2 h

. Gd(N03)3‘6H20
@ Eu(NOy)s-5H,0

@ NHF

.JIL Annealing GdF5:Eu

Centrifugation/ Washing 600°C 2h

6. Summary of Deliverable 0.2 7z Report on E&* and
Bi3t*/Eu3+-activated phosphorsproperties (WP1, month 15)

Deliverable D1.27 Report on E& and BB*/Eu3*-activated phosphors propertieghe LEDtech
GROWoproject is a public document, delivered in the context olWP1 - Design, synthesis, and
characterization of plantgrow-targeted phosphorsSubactivity 1.3 - Structural, morphological, and
optical analysis of phosphors [month: -85] and Subactivity 1.4 - Temperaturedependent
photoluminescence, quantum efficiency, and chemical stability of phosphor [montth5]6 This
document outlines the detailed properties of preparedew* and Be+/Eu3*-activated phosphorsfor
sharing and disseminating information related to the LEDteciGROW project.

Properties of SeGdF.Ew+ and SpkGdF:Bist, EB*

Structure, morphology, and diffuse reflectance of Eu 3+-doped Sr.GdF Z WP1, subactivity 1.3

Powder Xray diffraction (PXRD) patterns of S4tGdi.xEu (x= 0, 0.05, 0.10, 0.40, 0.60.80, and
1.00) nanophosphors are shown inFigure , with Rietveld refinement fits for the two end members,
SrGdF (SGFand SkEuF (SEF) given asFigureb-c (R = 2.72% and 3.43 %, respectively). The patterns
of SLGdF and SnEUF, were fitted using a structural model in the cubic space groufDdod (225), with
Sr and Gd ions on Wyckoff site 4a with m symmetry and F ions on Wyckoff site 8c with43m
symmetry. Transmission electron microscopy (TEM) images of representative colloidal SGF_40%Eu
particles, obtained with different magnifications, are shown irFigure e-f. Nanoparticles show a similar
guasi-spherical shape with the average particle size estimated to be 24 £ 2 nm (see the histogram fitted
with a log-normal distribution, based on around 200 particlesFigure e inset). The room temperature
diffuse reflectance spectra of SGd«Eu (x = 0, 0.05, 0.10, 0.40, 0.60, 0.80, and 1.00) samples in the
300z650 nm wavelength range, which display typical optical features of Btions. The absorption peaks
of EB*ET T Oh xEEAE AOA 11 AAOGAA AO opxh oemnh oyph
This project is supported by the Science Fund of the Republic of Serbia, GrathMN,
LEDtechnology based on bismutbensitizedEu3+ luminescence for costffective indoor plant growtty LEDtechGROW
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following electronic transitions: 7Fo'l ©H4, 7Fo'l D4, 7Fo'l &4, 7Fo'l ©LY, 7o'l BD3, 7'l 8D4,7Fe'l ©Di, and
7F1'l 8D, respectively, with the highest absorption at around 394 nm.
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Figure 9. (a) PXRD patterns of ZBdxEuF7 (x = 0.05, 0 10, 0.40, 0.60. 0.80, and 1.00) nanophosphors; Reeld

fits for SrGdF and SeEuF. Green (SGF) and blue (SEF) curves represent the observed pattern, in each case, the red
curves are the calculated patterns, and the difference curves are shown in grey, while blue tick marks represent the
positions of the Bragg peaks; (d) Enlarged (11&pd (200) diffraction peaks showing a shift toward lower Bragg
angels due to the replacement of Gd with Eu ions in the host material; (e, f) TEM imewies different magnification

with the particle size distribution of representative colloidal SGF:40mol%@fgiven as Inset in Figur®e; (g) Room
temperature diffuse reflectance spectra for all &d-xEuk (x = 0.05, 0.10, 0.40, 0.60. 0.80, and 1.00) samples.

Photoluminescent properties of Eu 3+-doped Sr.GdF Z WP1, subactivity 1.3

The room temperature photoluminescence excitation spectra of all SBd.Eu colloids
recorded in the 2500 0 Tt Ted= 698INM)and 310"v X @ Te= 593Inm)ranges are given irFigure
a-b, showing lines that correspond to transitions within the 46 configuration of Ew+ and 47 configuration
of Ga&#*. Photoluminescence emission spectra of all 88d..<EuF colloids recorded at room temperature
are given inFigure 10A ¢§=1273 nm) and Figure 10A ;=394 nm). The energy level diagram and
energy transfer mechanism of Gt and E&+in SGFRare shown in FigurelOe.

The asymmetry ratio values obtained from the emission spectra do not vary significantly as a
function of Ew¥* concentration, as shown in FigurdOf. The EB* deep-red emission €De® 7F4) in SGF:Eu
phosphors have a full width at a habmaximum of around 10 nm and fits the absorption band of
phytochrome photoreceptors, Rr. Furthermore, the Ed* red emission bands §Do© 7F1 and 5D© 7F,)
matched the redadsorbing phytochrome photoreceptors, R,indicating that SGF:Eu may be an effective
nanophosphor for horticulture LED applications.Figure 10h displays the normalized photoluminescent
lifetime decay curves of the SGdi«Euk (x = 0.05, 0.10, 0.40, 0.6®.80, and 1.00) colloids recorded at
room temperature. As the E&- concentration increased, theeDo-level lifetimes gradually decreased from
12.0 to 6.9 msThe shortening of the lifetime with increasing concentration indicates the activation of
concentration-quenching mechanisms.

Paged
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Chromaticity coordinates (x,y) on the CIE chromaticity diagram, a twdimensional color space
that describes all the colors observed by the human eye, can be used to quantify apparent color. We
derived the CIE chromaticity coordinates from the photoluminesent spectra to evaluate the color of the
synthesized samples, as shown in Figud®i and Tablel5. For all the samples, CIE coordinates are almost
EAAT OEAAT &£ O OEA EECGEI U ¢ D®énn; dOlédr puiity A99.1%) @nd placeds ¢ ¢ h
in the orangered portion of the diagram, confirming that there is no significant change in the local
symmetry around EW* across the series and consequently in the emission spectra. Inset in Figur@i
shows the translucent white color of colloids under daylight and the red appearance of colloids under UV

light.
Table 15 Chromaticity coordinates (x,y) of SGF:Eu
SGF_5Eu SGF_10Eu SGF_40Eu SGF_60Eu SGF_80Eu SEF
CIE
x, y) (0.565,0.398) (0.586,0.396) (0.611,0.384) (0.615,0.381) (0.616,0.381)  (0.614,0.383)
coordinates
6x10° 3.0x10°
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Figure 10. Room temperature photoluminescence 06Gd.xEwr (x = 0.05, 0.10, 0.40, 0.60. 0.80, and 1.00) colloids:
AqQ AQAEOAOQET dn=c®nnANBR @A EQIADED 11 LHRAFAemddioA doéxtral undex=273
Tin AQ Al EOOE = 39ami(dpatiern & ithd &sprplion spectra ofsRNd Rr photoreceptors); e)
energy level diagram and energy transfer mechanism ofGuhd E#* in SGF; f) asymmetry ratio as a function of Eu

ions concentration; g) integrated emission intensity as a function of Eu ions concentration (blue dots)qaantum
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efficiency as a function of Eu ions concentration (green dots); h) lifetime decay curves as a function of Eu ions
concentration; and i) CIE diagram with calculated coordinates of SGF_80Eu (Inset: appearance of colloid under
daylight and near UV light).

Temperature -dependent photoluminescence measurements of Eu 3+-doped SGFz
WP1, subactivity 1.4

To determine the temperature stability, temperaturedependent photoluminescence
measurements in steadystate andtime domainswere recorded in the 25200 °C temperature range on
dried samples in powder form. Figurella shows the white color of powders under daylight and the red
appearance under UV light, which becomes more intense as3Egoncentration increasesFigure 11b
shows the lifetime, while Figurellc shows the emission intensity as a function of temperature for two
representative samples, SGF_5Eu (with the lowest Eweontent in the series) and the SGF_80Eu sample,
with the highest emission intensity.

The powder sample of the highest emission intensity, SGF_80Eu, with a ceramic binder and
placed it on top of a 365 nm neatJV LED chip to demonstrate the application potential of these materials
in LEDs. Photographs of the fabricated LED device, presentadrigure 11d, display a red light when the
power supply is on.In addition, Figure11le shows the PL spectrum of the fabricated LED device with CIE
coordinates (0.5759, 0.3893) and low correlated color temperature (CCT = 1534 K).

Table 16. QE values and temperature stability for some previously reportedifad phosphors

Far-red -emitting lexj 11 Gh 1 QE Thermal stability Zthaebri:]tal
phosphors (nm) (%) (I'373k/1 303K) y
(1 23k/1 303K)
SGF_80Eu 394, 698 60.4 83% 66%
Li2MgZrQy:Mn#+ 335, 675 32.3 75% 58%
CalLuSbQ@:Mn4+ 345, 683 39.1 66% 48%
LaxZnTiCs:Mn#4+ 342, 708 - 81% 64%
CaYAI@: M+ 370, 710 26 50% 70%
NaLaMgW@:Mn#4+ 342, 700 60 - 57%
CaMYo.667(PQy) 7:ELB*
M = L Ny 394, 700 ; - -
Lu-GeQ:Bi3* Ew* 313,710 43 70% 51%
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Figure 11. a) Appearance of nanopowdetsder daylight and near UV light. Temperaturdependence of b) lifetime
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and c) emission intensity for the whole set of nanopowders. d) A fabricated LED device comprising a semiconductor

chip and SGF_80Eu nanopowders displays a red light when the elecpmaer supply is on. e) PL spectrum of the

fabricated LED.

Structural and optical properties of Bi  3*-doped Sr.Gdy2Euo sF7 nanoparticles z
WP1, sub-activity 1.3

Powder Xray diffraction patterns of SpGdhEwsF7:xBid*(x = 025, 1, 5, and 10 mol%)
nanophosphors are shown inFigure. The patterns of SIGth.2EusF7:xBi3* are in accordance with the
cubic space groupOdoa (225). All observed reflections were accounted for in the PXRD patterns of all

samples, and the absence of extra peaks confirms the phase purity of the materials prepared.
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\ A T
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Figure 12. PXRD patterns of 8B 2Ewn.sF7 :xBi3+ (x = 025,1, 5, and 10mol%) nanophosphors
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The room temperature photoluminescence emission spectra of all of Bid*-co-doped
SrGohEw sF, powders were recorded in the420z751 1 le= 391 nm). Emissions correspond to 4f"

4f transitions of Ew+ placed at ~592 nm €Do'l @Fi), ~613 nm ((Do'l F4), ~650 nm (¢D¢'l °F), and
x x 1O 7' 9Dd" OFy). Europium ions' emission intensity monotonically increases in the caloped
samples up tol mol% of B+, while the further addition of B+ decreases the emission intensityCIE
coordinates and correlated color temperature values are presented in Table'.

14000000 520 VoBi
hoys= 3910M ’

12000000 ¢

Sr,Gdy ,Eu, 4F;

—0Bi |
0.258i|
1B |
5B
10Bi

10000000

8000000

6000000

Intensity [counts]

4000000

2000000

450 500

°

°
®
n

o
B3
1

Integrated intensity,
5Dy — F, /%D, — 'F
°
2
(]
®

°
~
h

0.0

0 2 i 6 8 I

Bi** content (mol%)
Figure 13. Photoluminescence spectra of2Gih 2Ew.gF7: XBB* (X = 0.25, 1, 5, and 10 mol%) nanophosphors; the integrated
intensity of theSDo 7z and5Do  7F1 transitions, known as the asymmetry ratio; and CIE chromaticity diagram.

Table 17. Chromaticity coordinates (x,y) ofSrG 2Ew.sF7: xBi®* (x = 025, 1,5, and 10mol%) nanophosphors

Sr2Gdo2EuosFr SE&EF 0.25Eu S&EF 1Eu S&EF 5Eu SCEF 10Eu
(SGER
CIE
x,y) (0.598,0.388) (0.601,0.389) (0.601,0.387) (0.600,0.389) (0.602,0.389)
coordinates
CCT 1727.5 1729.6 1737.0 1730.8 1734.1

Properties of SpLaF:Bis+ EWB*

Structural and optical properties of  Bi3+-doped SrzLaF; (5 mol% Bi 3+) 7 WP1, subactivity 1.3

Powder Xray diffraction patterns of SrLaF:10mol% Ew+ and SeLaF :5mol% Bis+ nanophosphorsare

shown in Figure . The patterns of SiLaF:10mol% Ew+ and SeLaF :5mol% Bit* match well with the

International Centre for Diffraction Data (ICDD) Card No00-053-0774, with the cubic space group
"Odod (225).

This project is supported by the Science Fund of the Republic of Serbia, GrathMN,
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Figure 14. PXRD patterns of draF7 :10mol% Eud+ and Sr.LaF7 :5mol% Bi** nanophosphorqup) and room
temperature photoluminescence spectra of2Ba0.0E.1F7:xBit* (x=0, 5, and 10mol%) nanophosphors (down).
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Figure 16. PXRD patterns of a) SsR20Bi, and b) SrE10Eu50Bisamples. The diffraction peaks are indexed
according to the ICDD card No. §186-2418.
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Table 18. Selected structural parameters of the StkEu (x=1, 5, 10, 15, 20 mol%), Sd®EuyBi (y= 5, 10, 15, 20,
30, 40 mol%) and SrE20Bi nanopowders.

ICDD card a=h=c . Rw| R Re

01-086-2418 A CcS (A Strain GOF (%)IO (0/5) (%)

Stz 1Eu 5.7970(2) 1835(11) | 0.14(6) 1.0426 7.65 577 7.34
StF2:5EU 5.7979(3) 1312 (11) | 0.24(9) 1.0247 7.38 5.77 7.20
SrF2:10Eu 5.79128(14) | 150.2(5) | 0.15(3) 1.0261 7.42 5.74 7.23
SrF2:15Eu 5.7973(5) 117.9(10) | 0.19(9) 1.0567 7.38 5.78 6.98
SIF2:20Eu 5.7838(5) 123.7(13) | 0.14(3) 1.0936 7.50 5.98 6.86
SrF2:10EU5BI 5.7907(4) 149.0 (18) | 0.23(11) 1.1974 8.73 6.79 7.29
SrF2:10EUL0Bi 5.7914(3) 188(2) 0.06(10) 1.1738 8.64 6.59 7.36
StF2:10EU15Bi 5.7942(4) 209(2) 0.08(7) 1.4142 10.68 7.96 7.55
StF2:10EU20Bi 5.7918(5) 178(3) 0.123(5) 1.4067 10.86 8.10 7.72
StF2:10EU30Bi 5.8023(5) 250(18) 0.220(9) 1.7336 12.84 9.49 7.40
SIF2:10EU40Bi 5.8080(13) | 201(5) 0.23(8) 1.6523 12,63 9.14 7.87
SIF2: 20Bi 5.8011(3) 250.5(16) | 0.241(5) 1.1840 8.75 6.63 7.39

* Rwp? the weighted profile factor; ** Rp the profile factor; *** Re? the expected weighted profile factor; GO¥F the goodness of fit.
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Figure 20 The room temperature PL emission spectra of 8tPEuxBi (x = 5, 10, 15, 3@d 40 mol%) samples —
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Sample % Blue % Red CIE (x, y) coordinates
SrF2:20Bi 100.0 0.0 (0.223,0.174)
SrF2:10Eu 85.0 15.0 (0.399, 0.247)
SrF2:10EuU5BI 76.5 23.5 (0.444, 0.271)
SrF2:10Eul10Bi 71.6 28.4 (0.474, 0.288)
SrF2:10Eul15Bi 61.9 38.1 (0.486, 0.294)
SrF2:10Eu20Bi 59.2 40.8 (0.498, 0.301)
SrF2:10Eu30Bi 66.7 33.3 (0.473, 0.287)
SrF2:10Eu40BiI 73.1 26.9 (0.459, 0.279)
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Figure 21 displays the Xray pattern of BalFh OAEZAOAT AAA ACAET 0O OEA
Diffraction Data (ICDD) Card No. 0085-1341.
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Figure 21. XRD patterns of BaFpowders synthesized via microwave route at 150 °C for 10 min in water, qé)
ethylene glycol, and glycerol. ‘5_6
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Properties of BaYk:EWw* and BaYk:Bist,EW*

082% AT A -1 OPET370pth GO AFOTFEDOEOU p 8

Despite the addition of E&* and BB+ ions, the main diffraction peaks of BYREu,x = 1M20 mol% (Figure
22a) and BYF:10EuyBi3+, y=0Ms0 mol% nanophosphors (Figire 22b), correspond to the main
reflections from 111, 200, 220, 311, 222, 400, 331, 420, 422, and 511 crystal planes and resemble
standard cubic data of ICDD No. BQ@80-2728 for single-phase BaYF, space groupOdcd (225). Table

20 shows the results of the structural analysis: crystallite size (CS), microstrain values, unit cell
parameters, unit cell volume (CV), and data fit parameters (R R, R, GOF) of BYF:10EyBi (y=0, 5,

10, 20, 30, and0 mol%) nanophosphors. The CS of BYF:10Eu is estimated to be 1196, and the lattice
constant a is 5.8925A (CV=204.60A3). The influence of Bt doping in the BYF10Eu lattice causes
crystal lattice expansion up toa=5.9942 A, C\=215.37 A3 for the sample BYF:10E50Bi.
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Figure 22. PXRD patterns of (a) BY¥EuU (x=1, 10, and 20nol%) and (b) BYF:10EwBi (y=0, 5, 10, 20, 30, and
50 mol%) nanopatrticles; (c) The evolution of the (111) diffraction peak magnified from (a); (d) The evolution of the (qp)
(111) diffraction peak magnifiedrom (b); (e) The values of the unit cell volume versus*and B#+ contents in BYF ﬁ;
(purple circles) and BYF: 10Eu (orange stars), respectively. §
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Table 20. Results of the structural analysis of BYF: 10EBj nanophosphors, where
y=0, 5, 10, 20, 30, ansD mol% B#*

Bi3+ content

5 10 20 30 50
(mol%)
a=b=c (A) 5.8925(3)  5.9236 (4) 5.9235 (5) 5.9227 (6) 5.9401 (6) 5.9942 (5)
CV R) 204.60 (4) 207.85(5) 207.84 (6) 207.76 (7) 209.60 (7) 215.37 (6)
CsS @) 196 (3) 274 (5) 305 (12) 198 (11) 100 (6) 95 (5)
Strain 0.46 (3) 0.64 (2) 0.75 (2) 1.03 (6) 0.23 (3) 0.26 (3)
GOF 1.1254 1.5272 1.6212 1.6678 2.9693 3.6494
“Rwp 4.23 5.79 6.14 6.42 11.08 13.43
“Rp 3.16 4.45 4.66 4.95 7.57 8.71
™ Re 3.75 3.79 3.78 3.85 3.73 3.68

“Rup? the weighted profile factor;™ Ry? the profile factor; ** Re? the expected weighted profile factor; GOF the goodness of fit.

Figure 23 shows SEM images of BYF:10Eu phosphor nanoparticles with a particle size distribution.
Nanoparticles are of a quasispherical shape, as well as a high degree of crystallinity. The average
crystalline size of BYF10Eu nanoparticles, considering more than Q0 particles, was estimated to be
33+ 2 nm (see Figire 23c).

wZ
B\ D, =e“"2 =33nm
o=w-'D,=2nm

‘ \
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- e
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Figure 23. (a, b) SEM images of solvothermally synthesized BYF: 10Eu phosphor nanoparticle; (c) The particle size
distribution.
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Figure 24 shows thephotoluminescence excitation and emission spectra of Biee BYF with varying

Euw* contents.
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Figure 24. Room temperature photoluminescence for all BYF:xEg {x 10, and 20mol%) samples: (a) Excitation
ODbAA OO AW=6GI2Ark () Bmission spectra und@ex=391 nm;

This project is supported by the Science Fund of the Republic of Serbia, GrathMN,

LEDtechnology based on bismutbensitizedEu3+ luminescence for costffective indoor plant growtty LEDtechGROW

Page44



Ié::é)ew 4.4.Final report Date:02/0 1/202 6

Theroom temperature diffuse reflectance spectra of BYF:10EuBi (y=0, 5, 10, 20, 30, an80 mol%)
sampleswere measuredin the 220z500 nm wavelength rangelt is observed that the UV band edge tends
to shift towards lower energy with an increase of Bi- content in the BYFEu. This red shift with the
change of Bi+ content indicates a strong absorption of Bi, which lies in the UV region. The room
temperature photoluminescence excitation spectra of all BYIEu,Bi samples recorded in the 258
3301 | =698 nm) wavelength range are given in Figre 25b. The photoluminescence emission
spectra of all BYFEu,Bi samples recorded at room tmperature are displayed in Figire 25c
j &=265nm).Figure25A OET xO OEAO AOOI PEOI 860 DPET O1T1 Oi ET AGAA]
the Bi+ content reaches 20mol%, while the further addition of Bid* decreases the emission intensity. The
integrated emission intensity in the 520z 720 nm wavelength range shows that the representative
BYF:10Eu,20Bi sample has a 216% emission enhancement compared to the-fR2e BYF:10Eu
phosphor. Figire 25e shows the translucent white color of representative BYR:0Eu,20Bi phosphor
nanoparticles under daylight (left) and the red appearance under UV light (right).
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Figure 25. (a) Room temperature diffuse reflectance spectra for BYF: 10/8i,(y=0, 5, 10, 20, 30, arsd mol%)
samples; Room temperature photoluminescence for BYF: 19Bu(y=0, 5, 10, 20, 30, ars mol%) samples: (b)
BAEOQOAOQET 1T &HBAIAA EndidsidnSgectrh und@ex=265nm:; (d) Ratio of the integrated emission
intensity for BYF: 10Eu samples with varied Bi concentration anefi@e BYF10Eu sample as a function of Bions
concentration; (e) The appearance of representative BYBEU,20Bi phosphor nanoparticles under daylight (left)
and UV light (right).
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Energy transfer from a sensitizer to an activator can occuwia radiative transfer, exchange
interaction, or multipole-multipole interaction. Dips in the sensitizer's emission spectra that correlate to
the absorption spectrum of activated ions demonstrate the possibility of radiative energy transfer from
the sensitize to the activator. As shown in Figre 26b, the emission spectra of BYR20BIi, 20Eu clearly
show a dip that overlaps with the absorption of E#, indicating that the energy transfer has a radiave
character. On the other hand, Figre 26a reveals that 20mol% Bi+* and E8+ concentrations less than or
equal to 10mol% contribute to a nonradiative character of energy transfer in BYFBI, Eu.
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Figure 26. (a) The emission spectra of BYF: XB0OBi (x = 0, 1, 5, and 10 mol%) nanoparticles; (b) Overlap of the
emission spectrum of BYEOEuU,20Bi and absorption of BYR:OEuU; (c) Plots ofd/l sversus C(Bi+EwW+)é/3,
C(BP+ELP*)83 and C(B#+ELB)103,

Energy transfer efficiencies £ ) of asprepared samplesincreaseswith the increase of E@* content, with
maximum values of 16% forthe representative BYF:10Eu,20Bi sample.
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Properties of RbYsFio:EWR*
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Figure 27 showsthe X-ray pattern of prepared undoped Rb¥Fo presented with the International Centre
for Diffraction Data (ICDD) Card No. 0085-9553.
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Figure 27. PXRD patterns oRbYsF10 nanophosphors prepared viadifferent chelating agentsand the three
dimensional schematic view of thecrystal structure.

Figure 28 shows SEMmages of Rb¥Fophosphor nanoparticlessynthesized using differentchelating
agents. Nanopatrticles arespherical, as well ashaving a high degree of crystallinity. The average
crystalline size ofRbYsFionanoparticles was estimated to bén the range between 50 and 9Gim.

EDTA:Re=1:1 (pH 9) EDTA:Re=1:6 (pH 9)

Figure 28. SEM images athe synthesized Rb¥Fi0 phosphor nanopatrticle.
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Figure 29(left) shows the Xray pattern of prepared undoped Rb¥Fo:XEw+ (x=0, 1, 5, 10, 30, 50, and 75
mol%) presented with the International Centre for Diffraction Data (ICDD) Card No. 8a85-9553. The
XRD ofthe sample doped with 75 mol% of Ew* displays a few additional peaks. Thisobservation
indicates that the high amount ofEw* leads to thecrystallization of an additional compound to pure
phaseRbYsF1o. Therefore, Eud+ co-doping of Rb¥%Fwo is possible forEw+ concentrations equalto or less
than 50 mol%. The photoluminescence emission spectra of aRbYsFio:XEw* (x = 1, 5, 10, 30and 50
mol%) samples recorded at room temperature are displayed in Fige 29 (right, 1 =405 nm).
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Figure 29. PXRD patterns of RhFio:XEW* (x = 0, 1, 5, 10, 30, 50, and 75 molégnophosphorgleft) and room
temperature anission spectra o0RbYsFio:XEWE* (x = 1, 5, 10, 30, and 50 mol%¥@cordedunder’}ex=405nm.

Additionally, a large band gap of approximately 9 eV has been observed for the fluoride host
RbYsF0:Ew*, as shown in Figure80. This value aligns with literature data for other fluoride hosts, such
as KkSiksand K:TiFs, which have band gaps around 8 eV.

Figure 30. Band gapcalculation of Rb¥F10:10mol%E#+.
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