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Executive Summary 
 

 

 

The presented document constitutes deliverable D4.4 – Final report of the LEDtech-GROW 

project. It is a public document, delivered in the context of WP4 – Management, communication, 

dissemination, and exploitation, Task 4.1: Scientific coordination, management, and reporting. 

 

This report provides a comprehensive overview of the project’s objectives, implemented 

activities, and key scientific and technological results, with a particular focus on the development, 

characterization, and fabrication of advanced LED materials and devices 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 LED-based 

technologies. 
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Abbreviations and Acronyms 
 
                                Explanation 
 
[BYF]                                    BaYF5 
 
[BGF]                                    BaGdF5 

[CCT]                                    Correlated Color Temperature 

[CIE]                                     Commission Internationale de l'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, Interoperable, Re-usable data 

[FWHM]                              Full width at half-maximum 

[ICDD]                                  International Centre for Diffraction Data  

[LED]                                    Light-emitting diode 

[LEDtech-GROW]             Acronym of the Project Titled “LED technology based on bismuth-sensitized Eu3+                 
                                               luminescence for cost-effective indoor plant growth” 

[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 radiation (400–700 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 

 

[PFR]                                     Phytochrome photoreceptors with absorption peak in far-red 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 intended of excellent projects for young  
                                               researchers in the early phase of their careers 
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[PXRD]                                Powder X-ray diffraction  

 

[QE]                                      Quantum efficiency 

 

[RE]                                      Rare earth  

 

[RYF]                                    RbY3F10 
 
[SEF]                                    Sr2EuF7  
 
[SGF]                                    Sr2GdF7  
 
[SGEF]                                 Sr2Gd0.2-xEu0.8F7  
 

[SLF]                                    Sr2LaF7  

 

[TEM]                                  Transmission electron microscopy 

 
[VinaR]                               VinaR, i.e. Vinca Repository is a joint digital repository of all laboratories and departments in  
                                             Vinča Institute of Nuclear Sciences, University of Belgrade. VinaR provides open access to  
                                             the publications, as well as other outputs of the research projects implemented in these   
                                             institutions. 

[VINS]                                 "Vinča" Institute of Nuclear Sciences – National Institute of the Republic of Serbia,  
                                              University of Belgrade 

[WP]                                     Work package 

[Zenodo]                             Zenodo is a catch-all 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 LEDtech-GROW project (Grant Agreement No. 10412, PROMIS 2023) is implemented at the 

“Vinča” Institute of Nuclear Sciences – National Institute of the Republic of Serbia, University of 

Belgrade, and is dedicated to the development of advanced LED technologies tailored for indoor plant 

cultivation. The project focuses on innovative phosphor-converted LED (pc-LED) systems based on 

bismuth-sensitized Eu³⁺-activated single-component fluoride phosphors, designed to emit light across 

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 

LEDtech-GROW project across all work packages, covering scientific, technological, dissemination, and 

capacity-building activities. It consolidates the key results achieved within Work Packages WP1–WP4, 

including the synthesis and characterization of novel Eu³⁺- and Bi³⁺/Eu³⁺-activated phosphors, the 

fabrication and performance assessment of plant-grow-targeted LED devices, structured professional 

development of young and 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 temperature-dependent photoluminescence studies enabled the 

identification of phosphor compositions with suitable emission profiles, chemical and temperature 

stability, and energy-transfer mechanisms. These materials served as the foundation for WP2, where 

novel LED fabrication strategies combining near-UV and UV semiconductor chips with single-

component phosphors were developed. Detailed analyses of photoluminescence behavior, colorimetric 

parameters, luminous performance, and emission 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 science. Through 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 accessibility. Scientific 

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 LEDtech-GROW. Targeted trainings, workshops, webinars, 

international collaboration activities, and short-term research visits 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 long-term sustainability and future funding readiness. 

Overall, this report demonstrates that LEDtech-GROW 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 plant-growth-targeted lighting technologies and highlights the importance of 

interdisciplinary research in addressing current challenges in sustainable agriculture and energy 

efficiency.
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2. Summary of Deliverable D4.1 – Visibility: Website, Logo, 

and Leaflet (WP4, month 4)  
 

Deliverable D4.1, entitled “Visibility: Website, Logo, and Leaflet,” was completed before the 

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 communication 

infrastructure for the LEDtech-GROW project. The project website was designed, launched, and 

made publicly accessible at https://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.  

 
 

 

 

 

 

 

 

 

 
 

In addition, the official project logo and promotional leaflet (https://ledtechgrow-

promis.org/gallery/LEDtech-GROW-Leaflet.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 national and international levels. 

 

 

 

 

Figure 1. LEDtech-GROW project 
website. 

Figure 2. LEDtech-GROW logo 

https://ledtechgrow-promis.org/
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3. Summary of Deliverable D4.2 – Data Management Plan 

(WP4, month 6)  
 

 

 

Deliverable D4.2 – Data Management Plan (DMP) was completed and submitted on 1 July 

2024, ahead of the contractual deadline of 2 July 2024, corresponding to Month 6 of the 

LEDtech-GROW project implementation. Deliverable 4.2 was developed within Work Package 

4 (Management, communication, dissemination, and exploitation), under Task 4.2 – 

Dissemination, communication, and exploitation of knowledge, and was released as a publicly 

accessible document. 

The DMP establishes a comprehensive and project-specific framework for the 

management of all data generated, collected, and processed throughout the entire duration of 

the LEDtech-GROW 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 

and the Vinča Institute of Nuclear Sciences (Grant Agreement No. 10412). 

At the time of delivery, the DMP documented data management practices already being 

actively implemented during the execution of WP1, which focused on the design, synthesis, and 

characterization of plant-growth-targeted phosphors, and laid the groundwork for the 

systematic handling of forthcoming datasets from WP2, dedicated to LED fabrication and 

performance evaluation.  

A key element is a clearly defined open-access and data-sharing strategy. The DMP 

specifies that all non-confidential project outputs, including scientific publications, underlying 

datasets, public deliverables, and dissemination materials, are to be made openly available 

through established, internationally recognized repositories. The Zenodo repository, operated 

by CERN and integrated within the OpenAIRE infrastructure, is designated as the primary 

platform for archiving open-access datasets and publications, ensuring long-term preservation, 

assignment of Digital Object Identifiers (DOIs), version control, and global discoverability. 

In parallel, all open-access scientific publications and selected research outputs are 

deposited in the VinaR repository, which serves not only as an institutional repository of the 

Vinča Institute of Nuclear Sciences but also as a fully open, interoperable, and internationally 

visible research repository. VinaR provides unrestricted global access to deposited content, 

supports metadata harvesting, and ensures long-term accessibility beyond institutional 

boundaries, thereby significantly enhancing the visibility 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 official LEDtech-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 distinguishes between open and restricted datasets. Data associated 

with scientific publications, dissemination activities, and non-commercial 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 platform, accessible exclusively to LEDtech-

GROW team members. The DMP defines concrete procedures for handling sensitive data, 

including the application of non-disclosure agreements, publication embargoes, and, where 

appropriate, the preparation of patent applications before public disclosure. 

Deliverable D4.2 provides detailed guidance on data formats, metadata standards, naming 

conventions, licensing schemes, and versioning rules, ensuring 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 managed by the 

Principal Investigator and the project management team at the Vinča Institute of Nuclear 

Sciences. Costs related to open-access publishing, data archiving, and dissemination were 

anticipated and allocated within the approved project budget. 

In conclusion, Deliverable D4.2 was delivered timely, providing a transparent framework 

for data management in LEDtech-GROW. By combining trusted international repositories 

(Zenodo), a fully open and globally visible institutional repository (VinaR), and an actively 

maintained project website and social media channels, the DMP ensures maximum visibility, 

accessibility, and long-term preservation of project results, while simultaneously safeguarding 

sensitive data and supporting future exploitation and innovation activities.  

 

https://ledtechgrow-promis.org/
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Annexes of Deliverable D4.2 
 

 

Annex I 

Expected Data File Extensions in LEDtech-GROW 
 

 

File ext. Description Editing software 

dat Generic data file Text editors (e.g. Notepad) 

txt Text file Text editors (e.g. Notepad) 

doc Text file MS Word 

xls Spreadsheet Spreadsheet software (e.g. MS Excel) 

cvs Spreadsheet Spreadsheet software (e.g. MS Excel) 

jpg Raster image Standard image viewers 

png Raster image Standard image viewers 

tif Raster image Standard image viewers 

nb Code Wolfram Mathematica 

xml Code XML editors 

m Code Mathworks Matlab 

pdf Portable document format Standard PDF viewers 

zip Archive file format Standard file archivers 

rar Archive file format Standard file archivers 

   

 
 

 

 

 

 

 

 

 

 

 

 

 



  4.4. Final report                                                                                 Date: 02/01/2026  

This project is supported by the Science Fund of the Republic of Serbia, Grant No. 10412,  

LED technology based on bismuth-sensitized Eu3+ luminescence for cost-effective indoor plant growth – LEDtech-GROW   

P
ag

e1
2

 

 

4. Summary of Deliverable D4.3 – Dissemination, 
communication, and exploitation plan (WP4, month 9) 

 

This document constitutes Deliverable D4.3 – Dissemination, Communication, and 

Exploitation Plan, prepared within Work Package 4 (WP4): Management, Communication, 

Dissemination, and Exploitation of the LEDtech-GROW 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 LEDtech-GROW project focuses on the development of advanced LED technologies for 

indoor plant growth, based on bismuth-sensitized Eu³⁺-activated single-component phosphors 

emitting across the entire PAR spectrum of 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 project-specific 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 LEDtech-GROW 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 ensures full 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 project findings, conference 

participation, published papers, outreach events, and educational activities. These channels 

significantly enhance real-time communication with the scientific community, early-stage 

researchers, and the general public, and 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 high-quality 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 nanotechnology (Annex 

VI). In parallel, the team actively participated in numerous international scientific conferences, 

delivering invited talks, oral presentations, and 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 LEDtech-GROW team. These include 

participation in major public events such as the European Researchers’ Night, the International 

Fair of Techniques and Technical Achievements, and institutional events organized by the 

Science Fund of the Republic of Serbia. Promotional materials, including the project leaflet and 

posters, were actively used to communicate project goals and results to non-specialist 

audiences, with a particular focus on broader public interested in sustainable agriculture and 

advanced lighting technologies. 

Furthermore, the deliverable presents media visibility achieved through press releases and 

published articles in national magazines, which contributed to increasing awareness of 

LEDtech-GROW beyond the scientific community (Annex 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 early-stage researchers. The 

document reports participation of team members in numerous specialized training events, 

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 

LEDtech-GROW project are systematic, timely, and strongly integrated with scientific and 

outreach activities. By combining a well-structured web presence, active social media 

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 scientific, educational, and societal impact 

of LEDtech-GROW during the project implementation and beyond. 
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Annexes of Deliverable D4.3  
 

Annex II 

Microsoft Word (a) and Microsoft PowerPoint (b) documents created to be used in LEDtech-
GROW Project  

 

a) 

 
b) 
 

 
 



  4.4. Final report                                                                                 Date: 02/01/2026  

This project is supported by the Science Fund of the Republic of Serbia, Grant No. 10412,  

LED technology based on bismuth-sensitized Eu3+ luminescence for cost-effective indoor plant growth – LEDtech-GROW   

P
ag

e1
5

 

 

Annex III  

Leaflet, deliverable D4.1 (WP4), April 2024  
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 Annex IV 

Article published in Movem magazine, May 2024.  
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Article published in Biznis magazine, September 2024, No. 36.  (https://biznis.rs/wp-
content/uploads/2025/06/Broj-36.pdf) 
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Annex V 

Poster presentation for the youth population at the 15th European Researchers' Night,  September 2024. 
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Annex VI 
 
List of scientific publications – regularly updated  in the DCE Plan and LEDtech-GROW Website 
 

No. AUTHORS ARTICLE TITLE JOURNAL STATUS 

1. 

Bojana Milićević, Aleksandar 
Ćirić, Zoran Ristić, Mina Medić, 

Abdullah N. Alodhayb, Ivana 
Radosavljević Evans, Željka 

Antić, Miroslav D. Dramićanin 

Eu3+- activated Sr2GdF7 
colloid and nano-powder 

for biomarker and 
horticulture LED 

Journal of 
Alloys and 

Compounds 
(M21a) 

Accepted 

2. 

Katarina Milenković, Ljubica 
Đačanin Far, Sanja Kuzman, 

Željka Antić, Aleksandar Ćirić, 
Miroslav D. Dramićanin, Bojana 

Milićević 

Red emission 
enhancement in 

BaYF5:Eu3+ phosphor 
nanoparticles by Bi3+ co-

doping 

Optics Express 
(M21) 

Accepted 

3. 

Jovana Periša, Sanja Kuzman, 
Aleksandar Ćirić, Zoran Ristić, 

Željka Antić, Miroslav 
Dramićanin, Bojana Milićević  

Tuneable red and blue 
emission of Bi3+-

codoped SrF2:Eu3+ 
nanophosphors for 
agricultural LEDs 

Nanomaterials 

(M21) 
Accepted 

4. 

Bojana Milićević, Aleksandar 

Ćirić, Katarina Milenković, 

Zoran Ristić, Jovana Periša, 

Željka Antić, Miroslav D. 

Dramićanin 

Pr3+-Activated Sr2LaF7 
Nanoparticles as a 

Single-Phase White-
Light-Emitting 
Nanophosphor 

Nanomaterials 
(M21)  

Accepted 

5. 

Ljubica Đačanin Far, Jovana 
Periša, Ivana Zeković, Zoran 

Ristić, Mina Medić, Miroslav D. 
Dramićanin, Bojana Milićević 

Tailoring red and deep-
red light: Bi3+ doped 

Sr2Gd0.2Eu0.8F7 
phosphors for next-

generation horticultural 
LEDs 

Results in 
Physics  (M21) 

Accepted 

6. 

Ljubica Đačanin Far, Jovana 
Periša, Zoran Ristić, Anatolijs 

Šarakovskis, Vladimir 
Pankratov, Abdullah 

Alodhayb, Lukasz Marciniak, 
Sanja Kuzman, Miroslav D. 

Dramićanin, Bojana Milićević 

Eu3+-Doped Sr2LaF7 
Nanopowders as 
Efficient Red and 

Deep-Red Emitters for 
Advanced 

Horticultural Lighting 

Progress in 
Theoretical and 

Experimental 
Physics (M21a) 

Submitted 

7. 

Aleksandar Ćirić,  Markus Suta, 
Tom Förster, Bojana Milićević, 
Tamara Gavrilović, Željka Antić, 

Miroslav Dramićanin 

Algorithm for Judd-Ofelt 
analysis of Pr3+ from the 
emission spectrum: case 

study of Sr2LaF7:Pr3+ 
nano-powder 

Advanced 
Optical 

Materials 
(M21a) 

Submitted 
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Annex VII 
 
List of Poster presentations at scientific congresses – regularly updated in the DCE Plan and LEDtech-
GROW Website 
 

No. AUTHORS 
PRESENTATION 

TITLE 
CONGRESS DATE PLACE 

1. 

Katarina 
Milenković, Vesna 

Đorđević, Sanja 
Kuzman, Jovana 
Periša, Bojana 

Milićević, Miroslav 
D. Dramićanin 

Three-fold 
enhancement of 

Eu3+ emission 
intensity in BaYF5 
nanoparticles by 

Bi3+ co-doping 

12th International 
Conference on 

Luminescent Detectors 
and Transformers of 

Ionizing Radiation 
(https://www.cfi.lu.lv/e

n/lumdetr2024/) 

June 16-
21, 2024 

Riga, 
 Latvia 

2. 

Bojana Milićević, 
Aleksandar Ćirić, 

Zoran Ristić, Mina 
Medić, Ivana 

Radosavljevic Evans, 
Željka Antić, 
Miroslav D. 
Dramićanin  

Synthesis, 
luminescent 

properties, and 
thermal stability 

of Eu3+-doped 
Sr2GdF7 red-

emitting 
nanophosphor for 
horticulture LEDs  

The 7th International 
Conference on the 
Physics of Optical 

Materials and Devices  
&  

The 4th International 
Conference on Phosphor 

Thermometry  
(https://icomonline.org/

) 

August 
26-30, 
2024  

Bečići, Budva, 
Montenegro 

3. 

Sanja Kuzman, 
Bojana Milićević, 

Jovana Periša, 
Aleksandar Ćirić, 

Zoran Ristić, Željka 
Antić, Miroslav  

Synthesis and 
photoluminesce
nt properties of 

Bi3+- codoped 
SrF2:Eu3+ 
phosphor 

nanoparticles 

The 7th International 
Conference on the 
Physics of Optical 

Materials and Devices  
&  

The 4th International 
Conference on Phosphor 

Thermometry  
(https://icomonline.org/

) 

August 
26-30, 
2024  

Bečići, Budva, 
Montenegro 

4. Katarina 
Milenković, Vesna 

Đorđević, Ivana 
Zeković, Zoran 
Ristić, Jovana 
Periša, Bojana 

Milićević, Miroslav 
D. Dramićanin  

Microwave-
assisted 

solvothermal 
method for 

RbY3F10 doped 
with Eu3+  

The 7th International 
Conference on the 
Physics of Optical 

Materials and Devices  
&  

The 4th International 
Conference on Phosphor 

Thermometry  

(https://icomonline.org/
) 

August 
26-30, 
2024  

Bečići, Budva, 
Montenegro 

5. Ljubica Đačanin 

Far, Bojana 

Milićević, Jovana 

Periša, Aleksandar 

Eu3+-Doped 
Sr2LaF7 

nanopowders for 
Indoor Plant 

6th International 
Conference on 

MATERIALS SCIENCE & 
NANOTECHNOLOGY 

October 
27-

30, 2025 

Tenerife, 
Spain (pp 
119-120). 

https://www.cfi.lu.lv/en/lumdetr2024/
https://www.cfi.lu.lv/en/lumdetr2024/
https://icomonline.org/
https://icomonline.org/
https://icomonline.org/
https://icomonline.org/
https://icomonline.org/
https://icomonline.org/
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Ćirić, Katarina 

Milenković, Sanja 

Kuzman, and 

Miroslav D. 

Dramićanin 

Growth LED 
Applications 

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

presenters) 

6. Sanja Kuzman, 
Ljubica Đačanin 

Far, Bojana 
Milićević, Jovana 

Periša, Aleksandar 
Ćirić, Katarina 

Milenković, and 
Miroslav D. 
Dramićanin 

Emission 
Enhancement by 
Bi3+ Co-Doping of 

Red-Emitting 
nanophosphor for 
Horticulture LEDs 

6th International 
Conference on 

MATERIALS SCIENCE & 
NANOTECHNOLOGY 

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

presenters) 

October 
27-

30, 2025 

Tenerife, 
Spain (pp 

121). 

      

 
 

 
 
 
List of Invited and Oral presentations at scientific congresses – regularly updated in the DCE Plan and 
LEDtech-GROW Website 
 
 

No. AUTHORS 
PRESENTATION 

TITLE 
CONGRESS DATE PLACE 

1. 

Sanja Kuzman,  
Bojana Milićević, 

Katarina Milenković, 
Jovana Periša, 

Miroslav D. 
Dramićanin 

(Invited talk) 

Bismuth-Sensitized 
Eu3+ Luminescent 

LED Technology for 
Effective Indoor 

Plant Growth 

The 3rd Serbian 
Conference on 

Materials Application 
and Technology – 

SCOM2024 
(https://www.razvoj

nauke.org/) 

October 16-
18, 2024 

 

Belgrade, 

Serbia 

2. 

Aleksandar Ćirić, 

Markus Suta, Bojana 

Milićević, Tom Förster, 

Tamara Gavrilović, 

Željkiroslav Antić, M. D. 

Dramićanin (Oral talk) 

Judd-Ofelt Analysis 
of Pr³⁺: A Direct 

Emission Spectrum 
Approach for 

Advanced LED 
Phosphors and 

Scintillators 

6th International 
Conference on 

MATERIALS SCIENCE 
& NANOTECHNOLOGY 
Future Materials 2025 
(https://materialsconf
erence.yuktan.com/fe

atured-speakers) 

October 
27-

30, 2025 

Tenerife, 
Španija 
(pp 35) 

      

 
 

https://www.razvojnauke.org/
https://www.razvojnauke.org/
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List of general public events  
 

No. ATTENDEE PRESENTATION  EVENTS DATE PLACE 

1. 
Bojana Milićević 

Jovana Periša 

Principal 
investigators of 

30 projects 
supported under 
the PROMIS 2023 

program were 
presented at the 

ceremony 

The Science Fund 
celebrated 5 years since 

its establishment  

(https://fondzanauku.go
v.rs/2024/03/fond-za-

nauku-svecano-obelezio-
5-godina-od-osnivanja/) 

March 20, 
2024 

Belgrade, 

Serbia 

2. Jovana Periša 
Leaflet and 

promotional 
material 

The 66th International Fair 
of Techniques and 

Technical Achievements 

March 21-
24,  2024 

Belgrade, 

Serbia 

3. 
Bojana Milićević, 

Sanja Kuzman 

Revolutionizing 
LED technology 
for plant growth 

15th European 
Researchers' Night, 

(https://nocistrazivaca.
rs/radionice_i_program

i/ledtech-grow/) 

September 
27, 2024 

Belgrade, 

Serbia 

      

 
 
 
List of training events  
 

No. 
TRAINING 
ATTENDEE 

TRAINING TITLE TRAINING ORGANIZED DATE PLACE 

1. 
All team 

members 

How to make the best 
use unfunded project 

proposals? 

Marija Šola Spasić, 
coordinator of Management 

Office projects at Vinca 
Institute for Nuclear 

Sciences, National Institute of 
the Republic of Serbia, 
University of Belgrade 

February 6, 
2024 

 

Online 

2. 

Ljubica 
Đačanin Far, 

Bojana 
Milićević 

Training for preparing, 
writing, and managing 

Horizon projects 

The European Training 
Academy (EUTA) 

February 22, 
February 23, 
February 27, 

March 1, 2024 

Belgrade, 
Serbia 

3. 
All team 

members 
Protection of Trade 

Secrets 

The Intellectual Property Office of 
the Republic of Serbia (Lecturer: 

Aleksandra Mihailović, Asst. 
Director) 

March 5, 
2024 

Online 

https://fondzanauku.gov.rs/2024/03/fond-za-nauku-svecano-obelezio-5-godina-od-osnivanja/
https://fondzanauku.gov.rs/2024/03/fond-za-nauku-svecano-obelezio-5-godina-od-osnivanja/
https://fondzanauku.gov.rs/2024/03/fond-za-nauku-svecano-obelezio-5-godina-od-osnivanja/
https://fondzanauku.gov.rs/2024/03/fond-za-nauku-svecano-obelezio-5-godina-od-osnivanja/
https://nocistrazivaca.rs/radionice_i_programi/ledtech-grow/
https://nocistrazivaca.rs/radionice_i_programi/ledtech-grow/
https://nocistrazivaca.rs/radionice_i_programi/ledtech-grow/
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4. 
All team 

members 
Introduction to 

Patents 

The Intellectual Property Office of 
the Republic of Serbia (Lecturer: 
Nataša Milovanović, Head of the 

Department for Mechanical 
Engineering, Electrotechnics and 

General Technology) 

March 12, 
2024 

Online 

5. 
All team 

members 

International 
Protection of 

Inventions 

The Intellectual Property Office of 
the Republic of Serbia (Lecturer: 

Aleksandra Mihailović, Asst. 
Director) 

March 19, 
2024 

Online 

6. 
All team 

members 

Software 
protection with a 

patent 

The Intellectual Property Office of 
the Republic of Serbia (Lecturer: 
Nataša Milovanović, Head of the 

Department for Mechanical 
Engineering, Electrotechnics and 

General Technology) 

March 26, 
2024 

Online 

7. 
All team 

members 

Compiling an 
application for the 

protection of an 
invention 

The Intellectual Property Office of 
the Republic of Serbia (Lecturer: 
Jelena Tomić Keser, Head of the 
Department for Chemistry and 

Chemical Technology) 

April 2, 
2024 

Online 

8. 
Bojana 

Milićević, 
Sanja Kuzman 

LEDtech-GROW 
The European Researchers’ 

Night, Faculty of Physical 
Chemistry, Belgrade, Serbia 

September 
28, 2024 

Online 

9. 

Bojana 
Milićević, 

Sanja Kuzman, 
Jovana Periša 

Excel Masterclass Aleksandar Grašić 
October 3, 

2024 
Online 

10. 
All team 

members 
Introduction to 

JADE® 
International Centre for 
Diffraction Data (ICDD) 

April 23, 
2025 

Online 

11. 
All team 

members 

Open Science and 
Obligations for 

Participants in the 
Science Fund of the 
Republic of Serbia 

Program 

Vinča Institute for Nuclear 
Sciences, University of Belgrade 

May 13, 
2025 

Belgrade, 
Serbia 

12. 

Ljubica 
Đačanin Far, 

Jovana Periša, 
Katarina 

Milenković 

Horizon Europe 
Info Days – 

WIDERA Work 
Programme 2025 

European Commission May 20 Online 

13. 
Bojana 

Milićević, 
Sanja 

Horizon Europe 
Info Days – Cluster 

European Commission 
May 20, 

2025 
Online 
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Kuzman, 
Aleksandar 

Ćirić 

6: Food, 
Bioeconomy, 

Natural Resources, 
Agriculture and 

Environment 

14. 
All team 

members 

Powder X-ray 
Diffraction – Better 
Data Equals Better 

Results 

International Centre for 
Diffraction Data (ICDD) 

May 21, 
2025 

Online 

15. 
All team 

members 

The ICDD Raman 
File: Design, 
Content and 
Applications 

International Centre for 
Diffraction Data (ICDD) 

June 25, 
2025 

Online 

 

 

5. Summary of Deliverable D1.1 –  Report on Eu3+ and 
Bi3+/Eu3+-activated phosphors synthesis (WP1, month 12) 

 
This report (Deliverable D1.1) presents the synthesis of Eu³⁺- and Bi³⁺/Eu³⁺-activated 

inorganic fluoride phosphors developed within the LEDtech-GROW project under WP1. 

Detailed descriptions of the synthesis methodologies, tools, and procedures are provided at 

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 plant-targeted LED applications in horticulture, ensuring alignment 

with the scientific objectives and planned activities of WP1. 

 

Synthesis of colloidal and powder Eu3+-doped Sr2GdF7 nanoparticles – WP1, 

subactivity 1.2 

 

Table 1 The amounts of precursors needed for synthesizing Sr2Gd1-xF7:xmolEu3+ samples. 

Samples Sr(NO3)2 

(g) 

Gd(NO3)3ꞏ6H2O 

(g) 

Eu(NO3)3ꞏ6H2O 

(g) 

NH4F 

(g) 

EDTA 

(g) 

SGF (x=0.00) 1.0582 1.1284 ‒ 

1.1111 0.9306 

SGF_5Eu (x=0.05) 1.0582 1.0720 0.0557 

SGF_10Eu (x=0.10) 1.0582 1.0156 0.1115 

SGF_40Eu (x=0.40) 1.0582 0.6770 0.4460 

SGF_60Eu (x=0.60) 1.0582 0.4514 0.6690 

SGF_80Eu (x=0.80) 1.0582 0.2257 0.8919 

SEF (x=1.00) 1.0582 ‒ 0.9306 

https://ledtechgrow-promis.org/Deliverables/
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Figure 4. Schematic illustration of the colloidal and powder SGF:Eu nanophosphors preparation. 

 

Synthesis of powder Bi3+-doped Sr2EuF7 nanoparticles – WP1, subactivity 1.2 

 
Table 2 The amounts of precursors needed for synthesizing Sr2Eu1-xF7:xmol% Bi3+. 

Samples Sr(NO3)2 

(g) 

Bi(NO3)3 

(g) 

Eu(NO3)3ꞏ6H2O 

(g) 

NH4F 

(g) 

EDTA 

(g) 

SEF_1Bi (x=0.01) 

1.0582 

0.0099 1.1041 

1.1111 0.9306 
SEF_2Bi (x=0.02) 0.0197 1.0929 

SEF_5Bi (x=0.05) 0.0494 1.0595 

SEF_10Bi (x=0.10) 0.0988 1.0037 

 

 

 

Synthesis of powder Bi3+-doped Sr2Gd0.2Eu0.8F7 nanoparticles – WP1, subactivity 1.2 

 
 

Table 3 The amounts of precursors needed for synthesizing Bi3+-doped Sr2Gd0.2-xEu0.8F7:xmol% Bi3+. 

Samples 
Sr(NO3)2 

(g) 

Gd(NO3)3·6H2O 

(g) 

Bi(NO3)3 

(g) 

Eu(NO3)3ꞏ

6H2O (g) 

NH4F 

 (g) 

EDTA 

(g) 

SGEF_0Bi (x=0.00) 

1.0582 

0.1947 - 

0.8922 1.1111 0.9306 

SGEF_0.2Bi (x=0.002) 0.1922 0.0025 

SGEF_1Bi (x=0.01) 0.1849 0.0099 

SGEF_5Bi (x=0.05) 0.1460 0.0494 

SGEF_10Bi (x=0.10) 0.0973 0.0988 
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Bi3+-doped Sr2LaF7  – WP1, subactivity 1.2 

 
Table 4 The amounts of precursors needed for synthesizing Sr2LaF7:5mol%Bi3+. 

Precursors n [mol] m [g] 

Sr(NO3)2 0.005 1.05815 
La(NO3)3·6H2O 0.002375 1.0284 
Bi(NO3)3 0.000125 0.0494 
NH4F 0.03 1.1111 
EDTA 0.0025 0.9306 

 
 
Bi3+-codoped Sr2La0.9Eu0.1F7  – WP1, subactivity 1.2 

 
Table 5 The amounts of precursors needed for synthesizing Sr2La0.9Eu0.1F7. 

Precursors n [mol] m [g] 

Sr(NO3)2 0.005 1.05815 
La(NO3)3·6H2O 0.00225 0.9743 
Eu(NO3)3·6H2O 0.00025 0.1115 
Bi(NO3)3 - - 
NH4F 0.03 1.1111 
EDTA 0.0025 0.9306 

 
Table 6 The amounts of precursors needed for synthesizing Sr2La0.8Eu0.1Bi0.1F7. 

Precursors n [mol] m [g] 

Sr(NO3)2 0.005 1.05815 
La(NO3)3·6H2O 0.002 0.8660 
Eu(NO3)3·6H2O 0.00025 0.1115 
Bi(NO3)3 0.00025 0.0988 
NH4F 0.03 1.1111 
EDTA 0.0025 0.9306 

 
 

Synthesis of Eu3+-doped SrF2 and Bi3+, Eu3+-doped SrF2  nanoparticles – WP1, 

subactivity 1.1 

 
Table 7. Precursors for synthesis of 1 mmol of SrF2: x mol% Eu3+ (x= 1, 5, 10, 15, 20) samples. 

Sample 
Abbreviated  

name 
Sr(NO3)2  

(g) 
Eu(NO3)3ꞏ6H2O  

(g) 
NaF  
(g) 

EG  
(ml) 

Sr0.99Eu0.01F2 SrF2:1Eu 0.2095 0.00446 

0.0840 15 
Sr0.95Eu0.05F2 SrF2:5Eu 0.2010 0.0223 
Sr0.9Eu0.1F2 SrF2:10Eu 0.1905 0.0446 
Sr0.85Eu0.15F2 SrF2:15Eu 0.1799 0.0669 
Sr0.8Eu0.2F2 SrF2:20Eu 0.1693 0.0892 
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Table 8. Precursors for synthesis of 1 mmol of SrF2: 10mol% Eu3+, y mol% Bi3+ (y= 5, 10, 15, 20, 30, 40, 
50) samples. 

Sample 
Abbreviated 

Name 
Sr(NO3)2  

(g)  
Eu(NO3)3ꞏ

6H2O  
(g) 

Bi(NO3)3 

x5H2O 
 (g) 

NaF 
 (g) 

EG  
(ml) 

Sr0.4Eu0.1Bi0.5F2 SrF2:10Eu5Bi 0.1799 

0.0446 

0.0243 

0.0840 15 

Sr0.8Eu0.1Bi0.1F2 SrF2:10Eu10Bi 0.1693 0.0485 
Sr0.75Eu0.1Bi0.15F2 SrF2:10Eu15Bi 0.1587 0.0725 
Sr0.7Eu0.1Bi0.2F2 SrF2:10Eu20Bi 0.1481 0.0970 

Sr0.6Eu0.1Bi0.3F2 SrF2:10Eu30Bi 0.1269 0.1455 

Sr0.5Eu0.1Bi0.4F2 SrF2:10Eu40Bi 0.1058 0.1940 
Sr0.4Eu0.1Bi0.5F2 SrF2:10Eu50Bi 0.0846 0.2425 

 
Table 9. Exact amounts of precursors used for the synthesis of 1mmol of SrF2:20Bi sample 

Sample 
Abbreviated 

name 
Sr(NO3)2 

(g) 

Bi(NO3)3ꞏ5H2O(g) NaF (g) EG (ml) 

Sr0.8Bi0.2F2 SrF2:20Bi 0.1693 0.0970 0.0840 15  

 

 
Figure 5. Schematic illustration of the precipitation synthesis of SrF2:Eu,Bi nanoparticles. 

 

Synthesis of Eu3+-doped BaF2 nanoparticles – WP1, subactivity 1.1 

 
Table 10. Precursors for synthesis of 1 mmol of BaF2: x mol% Eu3+ (x= 1, 5, 10, 15, 20) samples. 

Sample 
Abbreviated 

name 
Ba(NO3)2 

(g) 
Eu(NO3)3·6H2O 

(g) 
NaF 
(g) 

EG 
(ml) 

Ba0.99Eu0.01F2 BaF2:1Eu 0.2587 0.0045 

0.0840 15 
Ba0.95Eu0.05F2 BaF2:5Eu 0.2483 0.0223 
Ba0.9Eu0.1F2 BaF2:10Eu 0.2352 0.0446 
Ba0.85Eu0.15F2 BaF2:15Eu 0.2221 0.0669 
Ba0.8Eu0.2F2 BaF2:20Eu 0.2091 0.0892 
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Synthesis of Eu3+-doped BaYF5 and Bi3+, Eu3+-doped BaYF5  nanoparticles – WP1, 

subactivity 1.2 

 

Table 11. The precursor quantities for the synthesis of BYF:10Eu, yBi (y = 0, 5, 10, 20, 30, 50 mol%). 

Bi3+ 

(mol%) 
Ba(NO3)2 

(mmol) 
Y(NO3)3·6H2O 

(mmol) 
Eu(NO3)3·6H2O 

(mmol) 
Bi(NO3)3 

(mmol) 
NH4F 

(mmol) 
0 

1.00 

0.90 

0.10 

/ 

7.00 

5 0.85 0.05 
10 0.80 0.10 
20 0.70 0.20 
30 0.60 0.30 
50 0.40 0.50 

 

Figure 6. Schematic illustration of the solvothermal synthesis of BYF: Eu, Bi nanoparticles. The 
precursors were initially dissolved in a water-glycerol mixture and fluoride ions were added dropwise 
(steps 1, 2). After vigorous stirring, the resulting mixture was transferred to a Teflon-lined autoclave 

and heated to 180°C for 21 h (step 3). The resulting nanoparticles were subsequently washed, 
centrifuged, and left to dry in air (steps 4, 5). 

 

Synthesis of Eu3+-doped BaGdF5 and Bi3+, Eu3+-doped BaGdF5  nanoparticles – WP1, 

subactivity 1.2 

 

Table 12. Precursors for synthesis of BaGdF5: 10 mol% Eu3+ sample. 

BaGdF5 
Ba(NO3)2 

(g) 
Gd(NO3)3·6H2O 

(g) 
Eu(NO3)2·H2O 

(g) 
NH4F 

(g) 

BGF:10Eu 0.2570 0.4059 0.0447 0.2590 
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Synthesis of Eu3+-doped RbY3F10 nanoparticles – WP1, subactivity 1.2 

 
Table 13. Precursors for the synthesis of RbY3F10: x mol% Eu3+ sample. 

RbY3F10 RbF (g) Y2O3 (g) 
Eu(NO3)3·
6H2O (g) 

NH4F(g) EDTA(g) 
Citric 

acid(g) 

RYF:10Eu_1 

0.0522 

0.1525 0.0670 

0.1850 

/ 0.2880 
RYF:10Eu_2 / 

 
/ 

RYF:10Eu_3 0.4384 
RYF:10Eu_4 

0.0730 

RYF:1Eu 0.1678 0.0067 
RYF:5Eu 0.1610 0.0335 
RYF:15Eu 0.1441 0.1006 
RYF:30Eu 0.1186 0.2010 
RYF:50Eu 0.0847 0.3350 

 

 

 

Figure 7. Schematic illustration of the solvothermal synthesis of RbY3F10: Eu nanoparticles. 

 

Synthesis of Eu3+-doped GdF3 nanoparticles – WP1, subactivity 1.1 

 
Table 14. Precursors for the synthesis of GdF3: 10 mol% Eu3+ samples. 

GdF3 
Gd(NO3)3·6H2O 

(g) 
Eu(NO3)2·5H2O 

(g) 
NH4F 

(g) 

10 mol.% Eu 1.6248 0.1784 0.4444 

 



  4.4. Final report                                                                                 Date: 02/01/2026  

This project is supported by the Science Fund of the Republic of Serbia, Grant No. 10412,  

LED technology based on bismuth-sensitized Eu3+ luminescence for cost-effective indoor plant growth – LEDtech-GROW   

P
ag

e3
2

 

 

 

Figure 8. Schematic illustration of the precipitation synthesis of GdF3:Eu nanoparticles. 

 

 

6. Summary of Deliverable D1.2 –  Report on Eu3+ and 
Bi3+/Eu3+-activated phosphors properties (WP1, month 15) 

 
Deliverable D1.2 – Report on Eu3+ and Bi3+/Eu3+-activated phosphors properties, the LEDtech-

GROW project is a public document, delivered in the context of WP1 - Design, synthesis, and 

characterization of plant-grow-targeted phosphors, Subactivity 1.3 - Structural, morphological, and 

optical analysis of phosphors [month: 6-15] and Subactivity 1.4 - Temperature-dependent 

photoluminescence, quantum efficiency, and chemical stability of phosphor [month: 6-15]. This 

document outlines the detailed properties of prepared Eu3+ and Bi3+/Eu3+-activated phosphors for 

sharing and disseminating information related to the LEDtech-GROW project.  

 

Properties of Sr2GdF7:Eu3+ and Sr2GdF7:Bi3+, Eu3+  
 

 

Structure, morphology, and diffuse reflectance of Eu3+-doped Sr2GdF7 – WP1, subactivity 1.3 

 

Powder X-ray diffraction (PXRD) patterns of Sr2Gd1-xEuxF7 (x = 0, 0.05, 0.10, 0.40, 0.60, 0.80, and 

1.00) nanophosphors are shown in Figure , with Rietveld refinement fits for the two end members, 

Sr2GdF7 (SGF) and Sr2EuF7 (SEF), given as Figure b-c (Rwp = 2.72% and 3.43 %, respectively).  The patterns 

of Sr2GdF7 and Sr2EuF7 were fitted using a structural model in the cubic space group 𝐹𝑚3̅𝑚 (225), with 

Sr and Gd ions on Wyckoff site 4a with m-3m symmetry and F ions on Wyckoff site 8c with -43m 

symmetry. Transmission electron microscopy (TEM) images of representative colloidal SGF_40%Eu3+ 

particles, obtained with different magnifications, are shown in Figure e-f. Nanoparticles show a similar 

quasi-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 particles, Figure e inset). The room temperature 

diffuse reflectance spectra of Sr2Gd1-xEuxF7 (x = 0, 0.05, 0.10, 0.40, 0.60, 0.80, and 1.00) samples in the 

300–650 nm wavelength range, which display typical optical features of Eu3+ ions. The absorption peaks 

of Eu3+ ions, which are located at 317, 360, 381, 394, 414, 464, 525, and 587 nm correspond to the 
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following electronic transitions: 7F0 → 5H3, 7F0 → 5D4, 7F0 → 5G6, 7F0 → 5L6, 7F0 → 5D3, 7F0 → 5D2, 7F0 → 5D1, and 
7F1 → 5D0, respectively, with the highest absorption at around 394 nm.  

 
Figure 9. (a) PXRD patterns of Sr2Gd1-xEuxF7 (x = 0.05, 0.10, 0.40, 0.60. 0.80, and 1.00) nanophosphors; (b, c) Rietveld 

fits for Sr2GdF7 and Sr2EuF7. 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 (111) and (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 images under different magnification 

with the particle size distribution of representative colloidal SGF:40mol% Eu3+ given as Inset in Figure 9e; (g) Room 

temperature diffuse reflectance spectra for all Sr2Gd1-xEuxF7 (x = 0.05, 0.10, 0.40, 0.60. 0.80, and 1.00) samples. 

 

 

Photoluminescent properties of Eu3+-doped Sr2GdF7 – WP1, subactivity 1.3 

 

The room temperature photoluminescence excitation spectra of all Sr2Gd1-xEuxF7 colloids 

recorded in the 250–330 nm (λem = 698 nm) and 310‒570 nm (λem = 593 nm) ranges are given in Figure 

a-b, showing lines that correspond to transitions within the 4f6 configuration of Eu3+ and 4f7 configuration 

of Gd3+. Photoluminescence emission spectra of all Sr2Gd1-xEuxF7 colloids recorded at room temperature 

are given in Figure 10c (λex = 273 nm) and Figure 10d (λex = 394 nm).  The energy level diagram and 

energy transfer mechanism of Gd3+ and Eu3+ in SGF are shown in Figure 10e.                                          

The asymmetry ratio values obtained from the emission spectra do not vary significantly as a 

function of Eu3+ concentration, as shown in Figure 10f.  The Eu3+ deep-red emission (5D0→7F4) in SGF:Eu 

phosphors have a full width at a half-maximum of around 10 nm and fits the absorption band of 

phytochrome photoreceptors, PFR. Furthermore, the Eu3+ red emission bands (5D0→7F1 and 5D0→7F2) 

matched the red-adsorbing phytochrome photoreceptors, PR, indicating that SGF:Eu may be an effective 

nanophosphor for horticulture LED applications. Figure 10h displays the normalized photoluminescent 

lifetime decay curves of the Sr2Gd1-xEuxF7 (x = 0.05, 0.10, 0.40, 0.60, 0.80, and 1.00) colloids recorded at 

room temperature. As the Eu3+ concentration increased, the 5D0-level lifetimes gradually decreased from 

12.0 to 6.9 ms. The shortening of the lifetime with increasing concentration indicates the activation of 

concentration-quenching mechanisms.  
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Chromaticity coordinates (x,y) on the CIE chromaticity diagram, a two-dimensional 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 photoluminescent spectra to evaluate the color of the 

synthesized samples, as shown in Figure 10i and Table 15. For all the samples, CIE coordinates are almost 

identical for the highly doped samples (x = 0.62, y = 0.38; λdom = 598 nm; color purity = 99.1%) and placed 

in the orange-red portion of the diagram, confirming that there is no significant change in the local 

symmetry around Eu3+ across the series and consequently in the emission spectra. Inset in Figure 10i 

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) 

coordinates 

(0.565,0.398) (0.586,0.396) (0.611,0.384) (0.615,0.381) (0.616,0.381) (0.614,0.383) 

 

 
Figure 10. Room temperature photoluminescence of Sr2Gd1-xEuxF7 (x = 0.05, 0.10, 0.40, 0.60. 0.80, and 1.00) colloids: 

a) excitation spectra under λem = 698 nm; b) excitation spectra under λem = 593 nm; c) emission spectra under λex = 273 

nm; d) emission spectra under λex = 394 nm (red pattern is the absorption spectra of PR and PFR photoreceptors); e) 

energy level diagram and energy transfer mechanism of Gd3+ and Eu3+ 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) and quantum 
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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 Eu3+-doped SGF –  

WP1, subactivity 1.4 

 

 

To determine the temperature stability, temperature-dependent photoluminescence 

measurements in steady-state and time domains were recorded in the 25–200 °C temperature range on 

dried samples in powder form. Figure 11a shows the white color of powders under daylight and the red 

appearance under UV light, which becomes more intense as Eu3+ concentration increases. Figure 11b 

shows the lifetime, while Figure 11c shows the emission intensity as a function of temperature for two 

representative samples, SGF_5Eu (with the lowest Eu3+ content 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 near-UV LED chip to demonstrate the application potential of these materials 

in LEDs. Photographs of the fabricated LED device, presented in Figure 11d, display a red light when the 

power supply is on. In addition, Figure 11e 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 reported far-red phosphors 

Far-red-emitting 

phosphors 

λex (nm),  λem 

(nm) 

QE 

(%) 

Thermal stability 

(I373K/I303K) 

Thermal 

stability 

(I423K/I303K) 

SGF_80Eu 394, 698 60.4 83% 66% 

Li2MgZrO4:Mn4+ 335, 675 32.3 75% 58% 

Ca2LuSbO6:Mn4+ 345, 683 39.1 66% 48% 

La2ZnTiO6:Mn4+ 342, 708 - 81% 64% 

CaYAlO4: Mn4+ 370, 710 26 50% 70% 

NaLaMgWO6:Mn4+ 342, 700 60 - 57% 

Ca9MY0.667(PO4)7:Eu3+ 

(M = Li, Na) 
394, 700 - - - 

Lu2GeO5:Bi3+,Eu3+ 313,710 43 70% 51% 
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Figure 11. a) Appearance of nanopowders under daylight and near UV light. Temperature-dependence of b) lifetime 

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 electrical power supply is on. e) PL spectrum of the 

fabricated LED. 

 

 Structural and optical properties of Bi3+-doped Sr2Gd0.2Eu0.8F7 nanoparticles –  

WP1, sub-activity 1.3 

 

Powder X-ray diffraction patterns of Sr2Gd0.2Eu0.8F7:xBi3+(x = 0.25, 1, 5, and 10 mol%) 

nanophosphors are shown in Figure .  The patterns of Sr2Gd0.2Eu0.8F7:xBi3+ are in accordance with the 

cubic space group 𝐹𝑚3̅𝑚 (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.  

 

Figure 12. PXRD patterns of Sr2Gd0.2Eu0.8F7 :xBi3+ (x = 0.25, 1, 5, and 10 mol%) nanophosphors.  



  4.4. Final report                                                                                 Date: 02/01/2026  

This project is supported by the Science Fund of the Republic of Serbia, Grant No. 10412,  

LED technology based on bismuth-sensitized Eu3+ luminescence for cost-effective indoor plant growth – LEDtech-GROW   

P
ag

e3
7

 

The room temperature photoluminescence emission spectra of all of Bi3+-co-doped 

Sr2Gd0.2Eu0.8F7 powders were recorded in the 420–750 nm (λex = 391 nm). Emissions correspond to 4f‒

4f transitions of Eu3+ placed at ~592 nm (5D0 → 7F1), ~613 nm (5D0 → 7F2), ~650 nm (5D0 → 7F3), and 

~700 nm (5D0 → 7F4). Europium ions' emission intensity monotonically increases in the co-doped 

samples up to 1 mol% of Bi3+, while the further addition of Bi3+ decreases the emission intensity. CIE 

coordinates and correlated color temperature values are presented in Table 17.  

 

Table 17. Chromaticity coordinates (x,y) of Sr2Gd0.2Eu0.8F7: xBi3+ (x = 0.25, 1, 5, and 10 mol%) nanophosphors. 

 Sr2Gd0.2Eu0.8F7 

(SGEF) 

SGEF_0.25Eu SGEF_1Eu SGEF_5Eu SGEF_10Eu 

CIE 

(x, y) 

coordinates 

(0.598,0.388) (0.601,0.389) (0.601,0.387) (0.600,0.389) (0.602,0.389) 

CCT 1727.5 1729.6 1737.0 1730.8 1734.1 

 

Properties of Sr2LaF7:Bi3+,Eu3+ 
  

Structural and optical properties of Bi3+-doped Sr2LaF7  (5 mol% Bi3+) – WP1, subactivity 1.3 

 

Powder X-ray diffraction patterns of Sr2LaF7:10mol% Eu3+ and Sr2LaF7 :5mol% Bi3+ nanophosphors are 

shown in Figure .  The patterns of Sr2LaF7:10mol% Eu3+ and Sr2LaF7 :5mol% Bi3+ match well with the 

International Centre for Diffraction Data (ICDD) Card No. 00-053-0774, with the cubic space group 

𝐹𝑚3̅𝑚 (225).  

 

 

 

 

 

 

Figure 13. Photoluminescence spectra of Sr2Gd0.2Eu0.8F7: xBi3+ (x = 0.25, 1, 5, and 10 mol%) nanophosphors; the integrated 
intensity of the 5D0→7F2 and 5D0→7F1 transitions, known as the asymmetry ratio; and CIE chromaticity diagram. 
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Figure 14. PXRD patterns of Sr2LaF7 :10mol% Eu3+ and Sr2LaF7 :5mol% Bi3+ nanophosphors (up) and room 

temperature photoluminescence spectra of Sr2La0.9Eu0.1F7:xBi3+ (x=0, 5, and 10mol%) nanophosphors (down).  

 

Properties of SrF2:Eu3+ and SrF2:Bi3+,Eu3+ 
 

Structure and morphology of Eu3+-doped SrF2 and Bi3+, Eu3+-doped SrF2  nanoparticles –  

WP1, subactivity 1.3 

 

Figures 15a and 15b show the X-ray pattern of SrF2:xEu (x= 1, 5, 10, 15, 20 mol%) and SrF2: 10EuyBi (y= 

5, 10, 15, 20, 30, 40 mol%) presented with the International Centre for Diffraction Data (ICDD) Card No. 

01-086-2418. The X-ray diffraction examination of the synthesized samples proved a single-phase cubic 

structure with Fm-3m (225) space group (including the SrF2:20Bi sample, Figure 16a). Traces of 

contamination or other phase peaks were not observed in either set of samples, indicating that dopant 

Eu3+/Bi3+ ions were embedded into the SrF2 lattice. On the contrary, in the case of SrF2:10Eu50Bi sample, 

additional peaks originate from a different phase, suggesting the upper limit of dopant ions concentration 

in the made material has been reached (Figure 16b).  

 

Figure 15. XRD patterns of a) SrF2:xEu (x= 1, 5, 10, 15, 20 mol%) and SrF2: 10Eu,yBi (y= 5, 10, 15, 20, 30, 40 mol%) 

samples presented with the ICDD card No. 01-086-2418. 
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Figure 16. PXRD patterns of a) SrF2:20Bi, and b) SrF2:10Eu50Bi samples. The diffraction peaks are indexed 

according to the ICDD card No. 01-086-2418. 

 

Additionally, the mean crystallite size and structural parameters are presented in Table 18 (parameters 

for SrF2:xEu (x= 1, 5, 10, 15, 20 mol%), SrF2:10EuyBi (y= 5, 10, 15, 20, 30, 40 mol%), and SrF2:20Bi 

sample). The average crystallite size (CS) was calculated to be in the nanometer domain (~14–25 nm) for 

all the samples. 
 

Table 18. Selected structural parameters of the  SrF2:xEu (x= 1, 5, 10, 15, 20 mol%), SrF2:10EuyBi (y= 5, 10, 15, 20, 

30, 40 mol%) and SrF2:20Bi nanopowders. 

ICDD card  

01-086-2418 

a=b=c 

(Å) 
CS (Å) Strain GOF 

Rwp 

(%) 

Rp 

(%) 

Re 

(%) 

SrF2:1Eu 5.7970(2) 183.5(11) 0.14(6) 1.0426 7.65 5.77 7.34 

SrF2:5Eu 5.7979(3) 131.2 (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 

SrF2:20Eu 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 

SrF2:10Eu10Bi 5.7914(3) 188(2) 0.06(10) 1.1738 8.64 6.59 7.36 

SrF2:10Eu15Bi 5.7942(4) 209(2) 0.08(7) 1.4142 10.68 7.96 7.55 

SrF2:10Eu20Bi 5.7918(5) 178(3) 0.123(5) 1.4067 10.86 8.10 7.72 

SrF2:10Eu30Bi 5.8023(5) 250(18) 0.220(9) 1.7336 12.84 9.49 7.40 

SrF2:10Eu40Bi 5.8080(13) 201(5) 0.23(8) 1.6523 12.63 9.14 7.87 

SrF2: 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; GOF—the goodness of fit. 

 

A transmission electron microscopy (TEM) image of the representative SrF2:10Eu20Bi sample is shown 

in Figure 17a. Nanoparticles exhibit a pseudo-spherical shape with the average particle size estimated to 

be 14.2 ± 0.3 nm (see the histogram fitted with a Gaussian distribution, based on around 60 particles, 

using the largest axis of the grain, Figure 17b). The calculated average particle size roughly equals the 

crystallite size obtained using X-ray diffraction. 
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Figure 17. a) TEM images of the representative SrF2:10Eu20Bi sample, b) particle size distribution histogram. 

 Photoluminescence properties of Eu3+-doped SrF2 and Bi3+, Eu3+-doped SrF2  nanoparticles – 

WP1, subactivity 1.3 

 

The photoluminescence (PL) emission spectra of Eu3+ - doped set of samples: SrF2:1Eu, SrF2:5Eu, 

SrF2:10Eu, SrF2:15Eu, and SrF2:20Eu recorded at room temperature are displayed in Figure 18a (λexc = 

405 nm). Figure 18c shows the diffuse reflectance spectra of Bi3+ co-doped SrF2:10Eu (Bi3+ mol% = 5, 10, 

15, 20, 30, and 40) samples in the 220–500 nm wavelength range. Figure 18d shows PL emission spectra 

of Bi3+-co-doped samples in the 550‒725 nm spectral region recorded at room temperature under 265 

nm excitation. The integrated emission intensity in the 550 – 725 nm wavelength range shows that the 

sample with the highest emission intensity- SrF2:10Eu20Bi has twice as bright PL compared to the Bi-

free SrF2:10Eu phosphor (Figure 18e). ET between bismuth (Bi³⁺) and europium (Eu³⁺) ions in inorganic 

hosts involves Bi³⁺ ions absorbing energy and transitioning from their ground state to excited states, 

followed by energy transfer to Eu³⁺ ions, exciting them from their ground to higher states (Figure 18f).  

Figure 18. a) Room temperature PL emission spectra under λexc = 405 nm of samples doped with only Eu3+ ions, b) 
Integrated intensity of PL spectra presented in a), c) Diffuse reflectance spectra of samples doped with 10 mol% of 
Eu3+ ions and co-doped with Bi3+ ions, d) Room temperature PL emission spectra under λexc = 265 nm of co-doped 
samples, e) Integrated intensity of PL spectra presented in d), and f) schematic representation of the possible ET 

between Bi3+ and Eu3+ ions. 
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Figure 19a shows the room temperature PL emission spectra (λexc = 265 nm)of SrF2:20Bi, SrF2:10Eu, and 

SrF2:10Eu20Bi samples in the 380‒725 nm spectral region, showing both blue and red-light components 

in different ratios. Figure 19b shows the CIE chromaticity diagram for SrF2:20Bi, SrF2:10Eu, and 

SrF2:10EuyBi samples (y= 5, 10, 15, 20, 30, and 40 mol%). The CIE chromaticity coordinates move from 

blue for the SrF2:20Bi sample, to pinkish for SrF2:10Eu, and orange-red areas with the increase of Bi3+ 

content in SrF2:10EuyBi, showing the color tunability in the produced series (CIE values are listed in Table 

19). 

 

Figure 19. a) The room temperature PL emission spectra of SrF2:20Bi, SrF2:10Eu, and SrF2:10Eu20Bi samples showing 

both blue and red-light components in different ratios (λexc = 265 nm), b) CIE chromaticity coordinates, and c) 

Fabricated LED device displaying pinkish violet light. 

Emission spectra of SrF2:10Eu,yBi (y = 5, 10, 15, 30, and 40 mol%) samples in the 380‒725 nm spectral 

region are presented in Figure 20.  

 
Figure 20 The room temperature PL emission spectra of SrF2:10EuxBi (x = 5, 10, 15, 30, and 40 mol%) samples 

measured in 380‒725 nm spectral range showing both blue and red-light components in different ratios (λexc = 265 

nm). 
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Balancing blue and red-light components is vital for optimizing plant health and maximizing yield in 

controlled environments. The integrated PL area in the 380‒500 nm (blue) and 575‒725 nm (red) 

wavelength range was used to determine the blue- and red-light emission portion. Table 19 shows that 

single-doped Bi3+ and Eu3+ SrF2 exhibit strong blue emissions corresponding to the host material; 

however, increasing Bi3+ concentration enhances Eu3+ red emission in Eu3+/ Bi3+ - activated samples. The 

highest red/blue emission portion 40.8 : 59.2 was found for the sample SrF2:10Eu20Bi.  

Table 19. Blue and red emission portions for the SrF2:20Bi, SrF2:10Eu, and SrF2:10EuyBi (x = 5, 10, 15, 20, 30, and 40 

mol%) samples. 

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) 

SrF2:10Eu5Bi 76.5 23.5 (0.444, 0.271) 

SrF2:10Eu10Bi 71.6 28.4 (0.474, 0.288) 

SrF2:10Eu15Bi 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) 

SrF2:10Eu40Bi 73.1 26.9 (0.459, 0.279) 

To demonstrate the potential application of the obtained material in LED fabrication, the powder sample 

with the highest emission intensity, SrF2:10Eu20Bi, was mixed with a ceramic binder and placed on top 

of a 275 nm near-UV chip. Photographs of the fabricated LED device, presented in Figure 19c, display 

strong pinkish-violet light when the power supply is on. 

Properties of BaF2:Eu3+  
 

Crystal structure of BaF2 nanoparticles – WP1, subactivity 1.3 

 

Figure 21 displays the X-ray pattern of BaF₂, referenced against the International Centre for 

Diffraction Data (ICDD) Card No. 01-085-1341.  

 
Figure 21. XRD patterns of BaF2 powders synthesized via microwave route at 150 °C for 10 min in water, 

ethylene glycol, and glycerol. 
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Properties of BaYF5:Eu3+ and BaYF5:Bi3+,Eu3+ 
 

 

PXRD and Morphology Analysis  – WP1, subactivity 1.3 

 

Despite the addition of Eu3+ and Bi3+ ions, the main diffraction peaks of BYF: xEu, x = 1−20 mol% (Figure 

22a) and BYF:10Eu, yBi3+, y = 0−50 mol% nanophosphors (Figure 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. 01-080-2728 for single-phase BaYF5, space group 𝐹𝑚3̅𝑚 (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 (Rwp, Rp, Re, GOF) of BYF:10Eu, yBi (y = 0, 5, 

10, 20, 30, and 50 mol%) nanophosphors. The CS of BYF:10Eu is estimated to be 19.6 nm, and the lattice 

constant a is 5.8925 Å (CV = 204.60 Å3). The influence of Bi3+ doping in the BYF: 10Eu lattice causes 

crystal lattice expansion up to a = 5.9942 Å, CV = 215.37 Å3 for the sample BYF:10Eu, 50Bi. 

 

Figure 22. PXRD patterns of (a) BYF: xEu (x = 1, 10, and 20 mol%) and (b) BYF:10Eu, yBi (y = 0, 5, 10, 20, 30, and 

50 mol%) nanoparticles; (c) The evolution of the (111) diffraction peak magnified from (a); (d) The evolution of the 

(111) diffraction peak magnified from (b); (e) The values of the unit cell volume versus Eu3+ and Bi3+ contents in BYF 

(purple circles) and BYF: 10Eu (orange stars), respectively. 
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Table 20. Results of the structural analysis of BYF: 10Eu, yBi nanophosphors, where  

y = 0, 5, 10, 20, 30, and 50 mol% Bi3+ 

Bi3+ content 

(mol%) 
0 5 10 20 30 50 

a=b=c (Å) 5.8925 (3) 5.9236 (4) 5.9235 (5) 5.9227 (6) 5.9401 (6) 5.9942 (5) 

CV Å3) 204.60 (4) 207.85 (5) 207.84 (6) 207.76 (7) 209.60 (7) 215.37 (6) 

CS (Å) 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 

* Rwp—the weighted profile factor; ** Rp—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 BYF: 10Eu nanoparticles, considering more than 100 particles, was estimated to be 

33 ± 2 nm (see Figure 23c).  

 

Figure 23. (a, b) SEM images of solvothermally synthesized BYF: 10Eu phosphor nanoparticle; (c) The particle size 

distribution. 

Spectroscopic Properties – WP1, subactivity 1.3 

  

Figure 24 shows the photoluminescence excitation and emission spectra of Bi-free BYF with varying 

Eu3+ contents.  

Figure 24. Room temperature photoluminescence for all BYF:xEu (x = 1, 10, and 20 mol%) samples: (a) Excitation 
spectra under λem = 592 nm; (b) Emission spectra under λex = 391 nm; 
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The room temperature diffuse reflectance spectra of BYF:10Eu, yBi (y = 0, 5, 10, 20, 30, and 50 mol%) 

samples were measured in the 220–500 nm wavelength range. It is observed that the UV band edge tends 

to shift towards lower energy with an increase of Bi3+ content in the BYF: Eu. This red shift with the 

change of Bi3+ content indicates a strong absorption of Bi3+, which lies in the UV region. The room 

temperature photoluminescence excitation spectra of all BYF: Eu, Bi samples recorded in the 250–

330 nm (λem = 698 nm) wavelength range are given in Figure 25b. The photoluminescence emission 

spectra of all BYF: Eu, Bi samples recorded at room temperature are displayed in Figure 25c 

(λex = 265 nm). Figure 25d shows that europium’s photoluminescent intensity continually increases until 

the Bi3+ content reaches 20 mol%, while the further addition of Bi3+ decreases the emission intensity. The 

integrated emission intensity in the 520 – 720 nm wavelength range shows that the representative 

BYF: 10Eu, 20Bi sample has a 216% emission enhancement compared to the Bi-free BYF: 10Eu 

phosphor. Figure 25e shows the translucent white color of representative BYF: 10Eu, 20Bi phosphor 

nanoparticles under daylight (left) and the red appearance under UV light (right). 

 

Figure 25. (a) Room temperature diffuse reflectance spectra for BYF: 10Eu, yBi (y = 0, 5, 10, 20, 30, and 50 mol%) 

samples; Room temperature photoluminescence for BYF: 10Eu, yBi (y = 0, 5, 10, 20, 30, and 50 mol%) samples: (b) 

Excitation spectra under λem = 698 nm; (c) Emission spectra under λex = 265 nm; (d) Ratio of the integrated emission 

intensity for BYF: 10Eu samples with varied Bi concentration and Bi-free BYF: 10Eu sample as a function of Bi3+ ions 

concentration; (e) The appearance of representative BYF: 10Eu, 20Bi phosphor nanoparticles under daylight (left) 

and UV light (right). 
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Energy transfer in BYF: Bi Eu, phosphor nanoparticles – WP1, sub-activity 1.3 

Energy transfer from a sensitizer to an activator can occur via 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 sensitizer to the activator. As shown in Figure 26b, the emission spectra of BYF: 20Bi, 20Eu clearly 

show a dip that overlaps with the absorption of Eu3+, indicating that the energy transfer has a radiative 

character. On the other hand, Figure 26a reveals that 20mol% Bi3+ and Eu3+ concentrations less than or 

equal to 10 mol% contribute to a non-radiative character of energy transfer in BYF: Bi, Eu. 

 

Figure 26. (a) The emission spectra of BYF: xEu, 20Bi (x = 0, 1, 5, and 10 mol%) nanoparticles; (b) Overlap of the 

emission spectrum of BYF: 20Eu, 20Bi and absorption of BYF: 10Eu; (c) Plots of IS0/IS versus C(Bi3++Eu3+)6/3, 

C(Bi3++Eu3+)8/3 and C(Bi3++Eu3+)10/3. 

Energy transfer efficiencies (𝜂𝑇) of as-prepared samples increases with the increase of Eu3+ content, with 

maximum values of 16% for the representative BYF: 10Eu, 20Bi sample. 
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Properties of RbY3F10:Eu3+  
 

 

Structure and morphology of Eu3+-doped RbY3F10 nanoparticles – WP1, sub-activity 1.3 

 

Figure 27 shows the X-ray pattern of prepared undoped RbY3F10 presented with the International Centre 

for Diffraction Data (ICDD) Card No. 01-085-9553.  

 

 
Figure 27. PXRD patterns of RbY3F10 nanophosphors prepared via different chelating agents and the three-

dimensional schematic view of the crystal structure. 
  

Figure 28 shows SEM images of RbY3F10 phosphor nanoparticles synthesized using different chelating 

agents. Nanoparticles are spherical, as well as having a high degree of crystallinity. The average 

crystalline size of RbY3F10 nanoparticles was estimated to be in the range between 50 and 90 nm.  

 

 
Figure 28. SEM images of the synthesized RbY3F10 phosphor nanoparticle. 
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Photoluminescence of Eu3+-doped RbY3F10 nanoparticles – WP1, sub-activity 1.3 

Figure 29(left) shows the X-ray pattern of prepared undoped RbY3F10:xEu3+ (x = 0, 1, 5, 10, 30, 50, and 75 

mol%) presented with the International Centre for Diffraction Data (ICDD) Card No. 01-085-9553. The 

XRD of the sample doped with 75 mol% of Eu3+ displays a few additional peaks. This observation 

indicates that the high amount of Eu3+ leads to the crystallization of an additional compound to pure-

phase RbY3F10. Therefore, Eu3+ co-doping of RbY3F10 is possible for Eu3+ concentrations equal to or less 

than 50 mol%. The photoluminescence emission spectra of all RbY3F10:xEu3+ (x = 1, 5, 10, 30, and 50 

mol%) samples recorded at room temperature are displayed in Figure 29 (right, λex = 405 nm).   

 
Figure 29. PXRD patterns of RbY3F10:xEu3+ (x = 0, 1, 5, 10, 30, 50, and 75 mol%) nanophosphors (left) and room 

temperature emission spectra of RbY3F10:xEu3+ (x = 1, 5, 10, 30, and 50 mol%) recorded under λex = 405 nm. 

 

Additionally, a large band gap of approximately 9 eV has been observed for the fluoride host 

RbY3F10:Eu3+, as shown in Figure 30. This value aligns with literature data for other fluoride hosts, such 

as K2SiF6 and K2TiF6, which have band gaps around 8 eV. 

 
Figure 30. Band gap calculation of RbY3F10:10mol%Eu3+. 
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Properties of LuF3:Eu3+ 
 

 

Structure analysis of Eu3+-doped LuF3 – WP1, sub-activity 1.3 

 

Figure 31 shows the X-ray pattern of LuF3:xEu (x= 5, 10, 15, and 20 mol%) presented with the 

International Centre for Diffraction Data (ICDD) Card No. 00-032-0612. The X-ray diffraction 

examination of the synthesized samples proved a single phase in agreement with the orthorhombic 

Pmma structure of LuF3. Traces of contamination or other phase peaks were not observed in either set 

of samples, indicating that dopant Eu3+ ions were embedded into the LuF3 lattice. Table 21 shows the 

results of the structural analysis: crystallite size (CS), microstrain values, unit cell parameters, unit cell 

volume (CV), and data fit parameters (Rwp, Rp, Re, GOF) of LuF3:xEu nanophosphors. The CS of LuF3:xEu 

are in the range between 18,4 and 25,1 nm.  

 

Figure 31. XRD patterns of LuF3:xEu (x= 5, 10, 15, and 20 mol%) samples presented with the ICDD card No. 00-032-

0612. 

Table 21. Results of the structural analysis of LuF3: xEu nanophosphors, where x = 5, 10, 15, and 20 mol% Eu3+ 

ICDD 00-032-0612 LuF3:5Eu LuF3:10Eu LuF3:15Eu LuF3:20Eu 
CS (A) 193 (7) 208 (3) 184(17) 251(5) 
Strain 0.13 (3) 0.33 (3) 0.213(5) 0.43(3) 
GOF 2.1936 1.7154 1.8069 1.6841 
Rwp 15.39% 14.08% 12.82% 11.65% 
Rp 11.30% 10.72% 9.55% 8.78% 
Re 7.02% 8.21% 7.09% 6.92% 
a 6.1585(11) 6.1773(14) 6.2045(13) 6.2176(15) 
b 6.7757(13) 6.7829 (15) 6.7997(14) 6.8061(17) 
c 4.4836(9) 4.4733(11) 4.4734(10) 4.4589(12) 
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Photoluminescence spectra of Eu3+-doped LuF3 – WP1, sub-activity 1.3 

 

The room temperature photoluminescence spectra, recorded in the wavelength range 500 – 750 nm, are 

displayed in Figure 32 (λex = 393 nm). Figure 32 shows that europium’s photoluminescent intensity 

increases until the Eu3+ content reaches 10 mol%, while the further addition of Eu3+ decreases the 

emission intensity.  

Figure 32. The room temperature photoluminescence spectra of LuF3:xEu (x= 5, 10, 15, and 20 mol%) samples.  

 

7. Summary of Deliverable D2.1 –  Report on fabricated plant-
grow-targeted LEDs based on near-UV and blue-
semiconductor chip (WP2, month 18) 

 

 

 
The presented document constitutes Deliverable D2.1 – Report on fabricated plant-grow-

targeted LEDs based on near-UV and blue semiconductor chips, of the LEDtech-GROW project. It is a 

public document, delivered in the context of WP2 - Design, fabrication, and LEDs performance, 

Subactivity 2.1 - A novel strategy for fabrication of plant-grow-targeted LEDs based on a near-UV 

chip [month: 12-24] and Subactivity 2.2 - Common strategy for fabrication of double-wavelength 

emitting pc-LEDs based on a blue chip [month: 12-24]. This document presents a description of the 

design and fabrication process for LEDs used in plant growth applications, intended for sharing 

and distributing information related to the LEDtech-GROW project. 

 

The list of selected phosphors for LED fabrication 
  

A novel LED fabrication strategy for plant growth applications combines near-UV or UV 

semiconductor chips and representative triple-wavelength emitting single-component phosphors 

based on Bi3+ and Eu3+ activators and their efficient energy transfer (ET). This strategy offers 

broadband blue emission that may sensitize the various cryptochrome and phototropin 

photoreceptors (pterin (380), flavin (447 nm), Phototropin, and Zeitlupes, LOV (390, 457, and 480 nm). 

The list of two selected phosphors coated on the 278 nm LED chip is as follows: 
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• SrF2: Bi3+, Eu3+  

• BaYF5: Bi3+, Eu3+  

The list of six selected phosphors coated on the 395 nm LED chip includes a representative red and far-

red double-wavelength emitting Eu3+-activated single-component phosphor is as follows: 

• SrF2: Bi3+, Eu3+  

• BaYF5: Bi3+, Eu3+  

• Sr2GdF7: Eu3+  

• Sr2GdF7: Bi3+, Eu3+  

• Sr2LaF7: Eu3+  

• RbY3F10:Eu3+ 

 

LED fabrication via triple-wavelength emitting single-

component SrF2:Bi3+, Eu3+ phosphors  
  

The SrF2:10%Eu3+,20%Bi3+ phosphor was separately mixed with high-temperature inorganic binder - 

Aremco-CeramabindTM 643-2 before being deposited on the (i) 278 nm and (ii) 395 nm LED chips (LED 

accessories purchased on the market). The mixed resin, which contains Ceramabind and 

SrF2:10%Eu3+,20%Bi3+ phosphor, was deposited on top of the LED chip using the Doctor blade (tape 

casting) technique, then dried for 48 hours.  
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Figure 33. (a) Photograph of the fabricated LED device emitting pinkish-violet light, using a 278 nm LED chip 

combined with SrF₂:10%Eu³⁺,20%Bi³⁺ phosphor; (b) PL spectrum of the LED based on 278 nm chip, with the 

emission of the bare chip (without phosphor) shown on the right for comparison; (c) PL spectrum of the LED based 

on 395 nm chip, with the corresponding emission from the bare chip (without phosphor) shown on the right. 

 

 
LED fabrication via triple-wavelength emitting single-
component BaYF5: Bi3+, Eu3+ phosphors  

 

The BaYF5:10%Eu3+,20%Bi3+ phosphor was separately mixed with high-temperature inorganic binder 

- Aremco-CeramabindTM 643-2 before being deposited on the (i) 278 nm and (ii) 395 nm  LED chips. 

The mixed resin was deposited on top of an LED chip using the Doctor blade (tape casting) technique 

and then dried for 48 hours.  

Figure 34. (a) Fabricated LED device displaying violet light (LED based on 395 nm LED chip and 

BaYF5:10%Eu3+,20%Bi3+ phosphor); (b) PL spectrum of the LED based on 278 nm chip, with the emission of the 

bare chip (without phosphor) shown on the right for comparison; (c) PL spectrum of the LED based on 395 nm 

chip, with the corresponding emission from the bare chip (without phosphor) shown on the right. 
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LED fabrication via double-wavelength emitting single-

component Sr2GdF7: Bi3+, Eu3+ phosphors 
 

The Sr2Gd0.19Eu0.8Bi0.01F7 phosphor was separately mixed with high-temperature inorganic binder - 

Aremco-CeramabindTM 643-2 before being deposited on the near-UV LED chip. The mixed resin was 

deposited on top of a 395 nm LED chip using the Doctor blade (tape casting) technique, then dried for 

48 hours. Photographs of the fabricated LED device, presented in Figure 35a, display a strong red light 

when the power supply is on. The PL spectrum of the fabricated LED, composed of a 395 nm chip and 

Sr2Gd0.19Eu0.8Bi0.01F7 phosphor, reveals strong emissions in the near-UV, orange/red, and far-red 

regions (see Figure 35b). Figure 35b (right) presents the emission of the 278 nm LED chip before the 

red phosphor was applied.  A noticeable dip at 391 nm confirms the strong absorption of UV light by 

Eu³⁺ ions. Due to its strong emissions in the near-UV, orange/red, and far-red regions, this LED shows 

significant potential for indoor horticultural applications. As a result, the next phase of our work will 

focus on evaluating its performance in this context. 

Figure 35. (a) A fabricated 395nm-chip-based LED device comprising a semiconductor chip and 

Sr2Gd0.19Eu0.8Bi0.01F7 nanopowders displays a red light when the electrical power supply is on; and (b) PL spectrum 

of the LED based on 395 nm chip, with the corresponding emission from the bare chip (without phosphor) shown 

on the right.  

 

LED fabrication via double-wavelength emitting single-

component Sr2GdF7: Eu3+ phosphors 
 

The Sr2GdF7:80%Eu3+ nanophosphor was separately mixed with high-temperature inorganic 

binder - Aremco-CeramabindTM 643-2 before being deposited on a 365 nm LED chip. The mixed resin 

was deposited on top of the LED chip using the Doctor blade (tape casting) technique, then dried for 

48 hours. Photographs of the fabricated LED device, presented in Figure 36a, display a strong red light 

when the power supply is on. The PL spectrum of the fabricated LED, composed of a 365 nm chip and 

SGF:80Eu nanophosphor, reveals strong emissions in the red and far-red regions with noticeably 

weaker near-UV LED component (see Figure 36b).  
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Figure 36. (a) A fabricated LED device comprising a 365 nm semiconductor chip and SGF_80Eu nanopowders 

displays a red light when the electrical power supply is on; and (b) PL spectrum of the fabricated 365nm-chip-

based LED. 

 

LED fabrication via double-wavelength emitting single-
component Sr2LaF7: Eu3+ phosphors 

 

 

The Sr2LaF7:50Eu3+ nanophosphor was separately mixed with high-temperature inorganic 

binder - Aremco-CeramabindTM 643-2 before being deposited on the 395 nm LED chip. The mixed 

resin, which contains Ceramabind and SLF:50Eu phosphor, was deposited on top of the LED chip using 

the Doctor blade (tape casting) technique, then dried for 48 hours.  

 

Figure 37. A fabricated LED device comprising a semiconductor chip and Sr2LaF7:50mol%Eu3+ nanopowders 

displays a red light when the electrical power supply is on; PL spectrum of the fabricated 395nm-chip-based LED.  

 

LED fabrication via double-wavelength emitting single-

component RbY3F10: Eu3+ phosphors 
 

The RbY3F10:50Eu3+ nanophosphor was separately mixed with high-temperature inorganic 

binder - Aremco-CeramabindTM 643-2 before being deposited on the 395 nm LED chip. The mixed 

resin, which contains Ceramabind and RbY3F10:50Eu3+ phosphor, was deposited on top of the LED chip 

using the Doctor blade (tape casting) technique, then dried for 48 hours.  
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Figure 38. A fabricated LED device comprising a semiconductor chip and RbY3F10:50mol%Eu3+ nanopowders 

displays a violet/pinkish light when the electrical power supply is on; and (b)  PL spectrum of the fabricated 

395nm-chip-based LED.  

 

8. Summary of Deliverable D2.2 –  Report on the LEDs 
performance (WP2, month 23) 
 

 
Four selected Eu³⁺-based phosphors, used as layers on the LED chips, are as follows: 

• SrF2: Bi3+, Eu3+  

• Sr2GdF7: Eu3+  

• Sr2LaF7: Eu3+  

• RbY3F10:Eu3+ 

 

LED performance: LED based on a UV chip and SrF2:Bi3+, Eu3+ 

phosphor  
 

 

LED fabrication- methodology 1 

The SrF₂:10%Eu³⁺,20%Bi³⁺ phosphor was mixed separately with a high-temperature inorganic 

binder, Aremco-CeramabindTM 643-2, before being deposited onto (i) 278 nm and (ii) 395 nm LED 

chips (LED accessories purchased on the market). The resulting resin, containing Ceramabind and 

SrF₂:10%Eu³⁺,20%Bi³⁺ phosphor, was deposited on top of the LED chip using the doctor blade (tape 

casting) technique, then dried for 48 hours. Photographs of the fabricated LED device, presented in 

Figure 39a, show a strong pink-violet light when the power supply is on. The PL spectrum of the 

fabricated LED, composed of a 278 nm chip and SrF₂:10%Eu³⁺,20%Bi³⁺ phosphor, reveals strong 

emissions in the blue, orange/red, and far-red regions (see Figure 39b). Figure 39b (right) shows the 

emission of the 278 nm LED chip before the red phosphor was applied. Owing to its intense blue, 

orange/red, and far-red emissions, this LED holds great promise for indoor horticultural applications. 

Figure 39c shows the PL spectrum of the fabricated LED, composed of a 395 nm chip and 

SrF₂:10%Eu³⁺,20%Bi³⁺ phosphor exhibits strong emissions in the near-UV, orange/red, and far-red 

regions. Figure 39c (right) shows the emission of the 395 nm LED chip before the red phosphor was 
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applied. A noticeable dip at 391 nm confirms UV absorption by Eu³⁺ ions.  

 
Figure 39. (a) Photograph of the fabricated LED device emitting pinkish-violet light, using a 278 nm LED chip 

combined with SrF₂:10%Eu³⁺,20%Bi³⁺ phosphor; (b) PL spectrum of the LED based on 278 nm chip, with the 

emission of the bare chip (without phosphor) shown on the right for comparison; (c) PL spectrum of the LED based 

on 395 nm chip, with the corresponding emission from the bare chip (without phosphor) shown on the right. 

 

LED fabrication- methodology 2 

The SrF2:10%Eu3+,20%Bi3+ phosphor was separately mixed with UV curing adhesive (LEAFTOP, 

SHENZHENSHI TEGU NEW MATERIALS CO., LTD) before being deposited on the 395 nm and 365 nm 

UV chips (LED accessories purchased on the market) for a comparative study. All samples were coated 

on the semiconductor chip with phosphor-adhesive layers of varying thicknesses to optimize PL 

efficacy. The LEDs’ performance operating at around 3.0 V at various driving currents was monitored, 

and the following were determined: (i) PL spectrum of fabricated LEDs; (ii) Commission Internationale 

de l'Eclairage (CIE) spectrum of fabricated LEDs; (iii) Correlated Color Temperature; (iv) Color 

Rendering Index; (v) Luminous Flux; and (vi) Luminous Efficacy of fabricated LEDs. The photoelectric 

& colorimetric properties of the fabricated LEDs were measured by an Auto-Temperatured LED Opto-

Electronic Analyzer (ATA-500). Photographs of the fabricated LED device under daylight and 365 nm 

UV illumination are shown in Figure 40. The photoluminescence (PL) spectrum of the LED fabricated 

with a 365 nm chip and SrF₂:10%Eu³⁺, 20%Bi³⁺ phosphor, the LED exhibits intense UV emission, along 
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with orange/red and far-red emissions (Figure 40). The absence of blue emission indicates that this 

LED configuration does not meet the spectral requirements for indoor plant cultivation. Consequently, 

an alternative LED design was developed by combining the same phosphor with a 395 nm UV chip, as 

shown in Figure 40. 

 

Figure 40. Photoluminescence (PL) spectrum of the LED fabricated using a 365 nm chip and SrF₂:10%Eu³⁺, 20%Bi³⁺ 

phosphor (driving current: 1000 mA); corresponding CIE chromaticity diagram of the LED emission; key 

performance characteristics of the LED; and photographs of the fabricated device. 

 

The performance of the LED based on SrF2:10%Eu3+,20%Bi3+ phosphor and a 365 nm chip, operating 

at around 3.0 V with a driving current of 50 mA, is summarized as follows: (i) the PL spectrum of the 

fabricated LED shows good overlap with the photosynthetically active radiation (PAR) range of plant 
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photoreceptors, with pronounced blue and red emission components; (ii) CIE chromaticity coordinates 

of x = 0.3759 and y = 0.2743, corresponding to a pinkish emission; (iii) a correlated color temperature 

(CCT) of 2858 K; (iv) a color rendering index (CRI, Ra) of 67.4; (v) a luminous flux (Φ) of 0.7146 lm; 

and (vi) a luminous efficacy of 4.72 lm/W. 

The PL spectrum further reveals intense emission in the UV–blue region, followed by orange/red 

and far-red emissions. Collectively, these results indicate that the fabricated LED is a promising 

candidate for indoor horticultural applications. 

 
Figure 41. PL spectrum of the LED fabricated using a 395 nm chip and SrF₂:10%Eu³⁺, 20%Bi³⁺ phosphor (driving 

current: 50 mA); corresponding CIE chromaticity diagram of the LED emission; key performance characteristics of 

the LED; and photographs of the fabricated device. 
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LED performance: LED based on a UV chip and Sr2GdF7:Eu3+ 

phosphor   
 

LED fabrication - methodology 1 

The Sr2GdF7:80%Eu3+ nanophosphor was mixed separately with a high-temperature inorganic 

binder, Aremco-CeramabindTM 643-2, before being deposited onto a 365 nm LED chip. The resin 

mixture was deposited on top of the LED chip using the doctor blade (tape casting) technique, then 

dried for 48 hours. Photographs of the fabricated LED device, shown in Figure 42a, show strong red 

light when the power supply is on. The PL spectrum of the fabricated LED, composed of a 365 nm chip 

and SGF:80Eu nanophosphor, shows strong emissions in the red and far-red regions, with a noticeably 

weaker near-UV LED component (see Figure 42b).  

 
Figure 42. (a) A fabricated LED device comprising a 365 nm semiconductor chip and SGF_80Eu nanopowders 

displays a red light when the electrical power supply is on; and (b) PL spectrum of the fabricated 365nm-chip-based 

LED. 

LED fabrication- methodology 2 

The Sr₂GdF₇:80%Eu³⁺ phosphor was mixed separately with UV-curing adhesive (LEAFTOP, 

SHENZHENSHI TEGU NEW MATERIALS CO., LTD) and then deposited onto 395 nm and 365 nm near-

UV chips (LED accessories purchased on the market) for a comparative study. LED performance was 

evaluated at an operating voltage of approximately 3.0 V under driving currents of 20 and 50 mA. The 

following parameters were determined: (i) the PL spectra of the fabricated LEDs and their 

correspondence with the photosynthetically active radiation (PAR) range of plant photoreceptors; (ii) 

CIE chromaticity coordinates; (iii) correlated color temperature (CCT); (iv) color rendering index 

(CRI); (v) luminous flux; and (vi) luminous efficacy. The photoelectric and colorimetric properties of 

the fabricated LEDs were measured using an auto-temperature-controlled LED optoelectronic analyzer 

(ATA-500). 

Photographs of the fabricated LED device under daylight, 365 nm UV illumination, and electrical 

operation are shown in Figure 43. Under a driving current of 50 mA, the PL spectrum of the LED 

fabricated using a 365 nm chip and Sr₂GdF₇:80%Eu³⁺ phosphor shows strong UV emission, along with 

orange/red and far-red emission bands (Figure 43). Because blue emission is absent, the resulting PL 

output appears reddish and does not meet the spectral requirements for indoor plant cultivation. 

Consequently, an alternative LED configuration was developed by combining the same phosphor with 

a 395 nm UV chip and operating it at various driving currents, as presented in Figures 44 and 45. 
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Figure 43. PL spectrum of the LED fabricated using a 365 nm chip and SGF_80Eu³⁺ phosphor (driving current: 50 

mA); corresponding CIE chromaticity diagram of the LED emission; key performance characteristics of the LED; and 

photographs of the fabricated device. 

 

The performance characteristics of the LED fabricated using SGF:80%Eu phosphor with a 395 nm chip 

(Figure 44), operated at approximately 3.0 V and a driving current of 20 mA, are summarized as 

follows: (i) the PL spectrum of the fabricated LED shows good agreement with the photosynthetically 

active radiation (PAR) range of plant photoreceptors, featuring strong near-UV/blue, orange/red, and 

deep-red emissions; (ii) CIE chromaticity coordinates of x = 0.4165 and y = 0.2643, corresponding to a 

pinkish emission; (iii) a correlated color temperature (CCT) of 1977 K; (iv) a color rendering index 

(CRI, Ra) of 29.3; (v) a luminous flux (Φ) of 0.2295 lm; and (vi) a luminous efficacy of 3.89 lm/W. 



  4.4. Final report                                                                                 Date: 02/01/2026  

This project is supported by the Science Fund of the Republic of Serbia, Grant No. 10412,  

LED technology based on bismuth-sensitized Eu3+ luminescence for cost-effective indoor plant growth – LEDtech-GROW   

P
ag

e6
1

 

 

Figure 44. PL spectrum of the LED fabricated using a 395 nm chip and SGF_80Eu³⁺ phosphor (driving current: 20 

mA); corresponding CIE chromaticity diagram of the LED emission; key performance characteristics of the LED; and 

photographs of the fabricated device. 

 

The performance of LEDs based on SGF:80%Eu phosphor and a 395 nm chip (see Figure 45), 

operating at around 3.0 V with a driving current of 50 mA, is as follows: (i) The PL spectrum of the 

fabricated LEDs matches the PAR spectrum of plant photoreceptors, with the most intense near-UV-

blue, orange/red, and deep red emissions; (ii) CIE chromaticity coordinates x=0.4100, y=0.2531, 

showing pinkish LED emission; (iii) Correlated Color Temperature CCT=1951K; (iv) Color Rendering 

Index Ra=26.0; (v) Luminous Flux ɸ=0.6623 lm; and (vi) Luminous Efficacy of the fabricated LEDs 4.41 

lm/W. The PL spectrum reveals strong emissions in the UV-blue, followed by orange/red and far-red 

regions. All findings suggest that this LED holds great promise for indoor horticultural applications.  
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Figure 45. PL spectrum of the LED fabricated using a 395 nm chip and SGF_80Eu³⁺ phosphor (driving current: 50 

mA); corresponding CIE chromaticity diagram of the LED emission; and key performance characteristics of the LED. 

 

LED performance: LED based on a UV chip and Sr2LaF7:Eu3+ 

phosphor 
 

LED fabrication - methodology 1 

The Sr2LaF7:50Eu3+ nanophosphor was mixed separately with a high-temperature inorganic 

binder, Aremco-CeramabindTM 643-2, before being deposited on the 395 nm LED chip. The resulting 

resin, containing Ceramabind and SLF:50Eu phosphor, was deposited on the LED chip using the doctor 
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blade (tape casting) technique, then dried for 48 hours. Photographs of the fabricated LED device, 

shown in Figure 46a, show strong red light when the power supply is on. The PL spectrum of the 

fabricated LED, composed of a 395 nm chip and SLF:50Eu phosphor, shows strong emissions in the 

near-UV, orange/red, and far-red regions. Figure 46b (right) shows the emission of the 395 nm LED 

chip before the red phosphor was applied. A noticeable dip at 391 nm confirms absorption of UV light 

by Eu³⁺ ions. Consequently, this LED demonstrates strong potential for application in indoor 

horticultural systems. 

 

Figure 46. A fabricated LED device comprising a semiconductor chip and Sr2LaF7:50mol%Eu3+ nanopowders 

displays a red light when the electrical power supply is on; PL spectrum of the fabricated 395nm-chip-based LED.  

 

The Sr2LaF7:50%Eu3+ phosphor was mixed separately with UV curing adhesive (LEAFTOP, 

SHENZHENSHI TEGU NEW MATERIALS CO., LTD) and then deposited onto a 395 nm LED chip (LED 

accessories purchased on the market). LED performance was evaluated at an operating voltage of 

approximately 3.0 V and a driving current of 50 mA (Figure 47). The results show that: (i) the PL 

spectrum of the fabricated LED exhibits near-UV/blue, orange/red, and deep-red emissions that align 

well with the PAR spectrum of plant photoreceptors; (ii) the CIE chromaticity coordinates are x = 

0.3993 and y = 0.3108, corresponding to a pinkish emission; (iii) the correlated color temperature 

(CCT) is 2011 K; (iv) the color rendering index (CRI, Ra) is 29.3; (v) the luminous flux (Φ) is 0.9040 lm; 

and (vi) the luminous efficacy is 6.02 lm/W. 

Photographs of the fabricated LED device based on a 395 nm UV chip, taken under daylight, under 

365 nm UV illumination, and during electrical operation, are also shown in Figure 47. When powered 

on, the device emits an intense pinkish-violet light. Owing to its strong blue, orange/red, and far-red 

emission components, this LED demonstrates significant potential for indoor horticultural 

applications. 
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Figure 47. PL spectrum of the LED fabricated using a 395 nm chip and Sr2LaF7:50mol%Eu3+ phosphor (driving 

current: 50 mA); corresponding CIE chromaticity diagram of the LED emission; key performance characteristics of 

the LED; and photographs of the fabricated device. 

 

LED performance: LED based on a UV chip and RbY3F10: Eu3+ 

phosphor 
 

LED fabrication - methodology 1 

The RbY3F10:50Eu3+ nanophosphor was mixed separately with a high-temperature inorganic 
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binder, Aremco-CeramabindTM 643-2, before being deposited onto the 395 nm LED chip. The resulting 

resin, containing Ceramabind and RbY3F10:50Eu3+  phosphor, was deposited on the LED chip using the 

doctor blade (tape casting) technique, then dried for 48 hours. Photographs of the fabricated LED 

device, shown in Figure 48a, display a strong violet/pinkish light when the power supply is on. The PL 

spectrum of the fabricated LED, comprising a 395 nm chip and RbY3F10:50Eu3+ phosphor, exhibits 

strong emissions in the near-UV, orange/red, and far-red regions (see Figure 48b). A minor dip at 391 

nm indicates low absorption of near-UV light by Eu³⁺ ions. The insufficient intensity of red and far-red 

emissions makes this LED unsuitable for effective indoor horticultural use. Our upcoming research will 

focus on the improvement of red and far-red light components. 

 

Figure 48. A fabricated LED device comprising a semiconductor chip and RbY3F10:50mol%Eu3+ nanopowders 

displays a violet/pinkish light when the electrical power supply is on; and (b)  PL spectrum of the fabricated 395nm-

chip-based LED.  

 

LED fabrication - methodology 2 

The RbY3F10:50Eu3+ phosphor was mixed separately with UV-curing adhesive (LEAFTOP, 

SHENZHENSHI TEGU NEW MATERIALS CO., LTD) and then deposited onto the 395 nm near-UV chip 

(LED accessories purchased on the market). The LED performance was evaluated at an operating 

voltage of approximately 3.0 V and a driving current of 50 mA (Figure 49). The analysis indicates that: 

(i) the PL spectrum of the fabricated LED exhibits near-UV/blue, orange/red, and deep-red emissions 

that closely match the photosynthetically active radiation (PAR) range of plant photoreceptors; (ii) the 

CIE chromaticity coordinates are x = 0.3895 and y = 0.2188, corresponding to a pinkish emission; (iii) 

the correlated color temperature (CCT) is 1867 K; (iv) the color rendering index (CRI, Ra) is 38.3; (v) 

the luminous flux (Φ) is 0.8361 lm; and (vi) the luminous efficacy is 5.58 lm/W. 

Photographs of the fabricated LED device based on a 395 nm UV chip, recorded under daylight, 365 nm 

UV illumination, and electrical operation, are shown in Figure 49. When powered on, the device emits 

intense pinkish-violet light. Owing to its strong blue, orange/red, and far-red emission components, 

this LED shows considerable potential for indoor horticultural applications. Additionally, a distinct dip 

at 391 nm confirms the absorption of UV radiation by Eu³⁺ ions. 
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Figure 49. PL spectrum of the LED fabricated using a 395 nm chip and RbY3F10:50mol%Eu3+ phosphor (driving 

current: 50 mA); corresponding CIE chromaticity diagram of the LED emission; key performance characteristics of 

the LED; and photographs of the fabricated device. 
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9. Summary of Deliverable D3.1 –  Report on the professional 
development of young and early-stage researchers (WP3, 
month 24) 
 

 

Deliverable D3.1 – Report on the professional development of young and early-stage researchers, 

of the LEDtech-GROW project is a public document, delivered in the context of WP3 - Professional 

development of young and early-stage researchers, Subactivity 3.1 - Research Management Capacity 

Enhancement [month: 6-20], Subactivity 3.2 - Innovation and IPR Management [month: 6-20], and 

Subactivity 3.3 - Research Capacity Building and Knowledge Transfer [month: 6-24]. This document 

outlines the activities implemented to enhance proposal writing and project management skills, 

raise awareness of intellectual property and patent protection, ensure compliance with open 

science principles, and advance specialized scientific knowledge. Detailed information on these 

activities is available on the project website at https://ledtechgrow-promis.org/Deliverables/. 

Overall, WP3 plays a crucial role in ensuring the long-term sustainability, impact, and visibility of 

the LEDtech-GROW project. 

The LEDtech-GROW project recognizes that the success of research initiatives depends not only on 

scientific excellence but also on the continuous professional development of researchers. In this 

context, Work Package 3 (WP3) is dedicated to strengthening the skills and competencies of young and 

early-stage researchers, enabling them to operate effectively within the national and international 

research community. 

 

WP3 – Capacity Building, Professional Development, and Research Support 

During the project, LEDtech-GROW team members participated in a total of 2 workshops, 4 
specialized trainings, 8 webinars, and 2 Horizon Europe Info Days, covering key areas relevant 
to the successful execution of research and innovation activities (See Annex VII). These activities 
were selected to address concrete project needs, including proposal preparation, project budgeting 
and management, intellectual property protection, open science compliance, and advanced 
experimental methodologies. 

Proposal Development, Funding Strategies, and Project Management 

An important early activity within WP3 was the workshop “How to Make the Best Use of Unfunded 
Project Proposals?”, held on February 6, 2024, and attended by all project team members. The 
workshop focused on systematic analysis of evaluator feedback, identification of proposal 
weaknesses, strategic restructuring, and adaptation to alternative funding schemes. As a direct 
outcome, the team applied the acquired methodology to improve proposal quality, contributing to 
the submission of four competitive project proposals during the project lifetime. 

To further strengthen capacity in European funding schemes, two team members completed the 
European Training Academy (EUTA) program on Horizon Europe proposal preparation and 
project management (February–March 2024). The training consisted of four intensive sessions 

https://ledtechgrow-promis.org/Deliverables/
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addressing call analysis, consortium building, excellence–impact–implementation structure, ethical 
aspects, budgeting rules, cost eligibility, reporting obligations, and risk management. Knowledge 
gained through EUTA directly supported the preparation and submission of an EUREKA network 
project proposal and improved internal coordination in ongoing project planning. 

International Collaboration and Short-Term Research Visit 

WP3 included a short-term research visit to the Institute of Resources Utilization and Rare 
Earth Development, Guangdong Academy of Sciences (Guangzhou, P.R. China), attended by two 
LEDtech-GROW team members. The visit enabled direct exchange of methodologies, discussion of 
phosphor synthesis and LED fabrication strategies, and joint evaluation of experimental results. 

A key outcome of this visit was the testing and validation of developed LED systems using state-
of-the-art equipment, allowing comparative analysis of optical and performance data obtained in 
Serbia and China. This significantly improved data reliability and contributed to the refinement of 
ongoing experiments. The collaboration also resulted in the preparation of a bilateral Serbia–China 
project proposal, strengthening long-term international research cooperation. 

Intellectual Property and Innovation-Oriented Training 

To support innovation and the protection of research outputs, all team members attended a series 
of five online webinars dedicated to intellectual property rights and patent protection (Annex VII). 
Topics included trade secret protection, fundamentals of patent systems, international patent 
strategies, software-related IP, and preparation of patent applications. These trainings increased 
awareness of innovation pathways and supported the identification of research results with 
potential for further protection and exploitation within the LEDtech-GROW framework. 

Horizon Europe Policy Alignment and Info Days 

LEDtech-GROW researchers actively participated in Horizon Europe Info Days, including the 
WIDERA Work Programme 2025 and Cluster 6: Food, Bioeconomy, Natural Resources, 
Agriculture and Environment. Participation in these events improved understanding of EU 
research priorities, open access policies, research assessment reforms, and science-for-policy 
mechanisms. As a result, new project ideas aligned with European calls were developed, leading to 
one submitted proposal and one additional proposal in preparation. 

Advanced Scientific Training and Analytical Skills 

To enhance experimental quality and data interpretation, all team members attended ICDD 
webinars focused on powder X-ray diffraction (PXRD) and Raman spectroscopy. These 
trainings strengthened skills in experimental design, phase identification, and spectral analysis, 
directly supporting WP1 and WP2 research activities. In addition, an Excel training on data 
processing, visualization, and basic statistical analysis improved consistency and clarity in reporting 
experimental results. 

Open Science, Data Management, and Dissemination 

All team members completed the workshop “Open Science and Obligations for Participants in the 
Science Fund of the Republic of Serbia Program” (May 13, 2025), covering open-access publishing, 
research data management, and institutional repositories. As a result, project outputs were 
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systematically deposited in Zenodo and VinaR, ensuring compliance with national and 
international open science requirements and increasing visibility and reproducibility of results. For 
more information see https://doi.org/10.5281/zenodo.14935996, 
https://doi.org/10.5281/zenodo.14936085, https://doi.org/10.5281/zenodo.14937727, 
https://doi.org/10.5281/zenodo.15782065, https://doi.org/10.5281/zenodo.18086075, 
https://vinar.vin.bg.ac.rs/handle/123456789/14106, 
https://vinar.vin.bg.ac.rs/handle/123456789/14936, 
https://vinar.vin.bg.ac.rs/handle/123456789/15745, 
https://vinar.vin.bg.ac.rs/handle/123456789/13836, 
https://vinar.vin.bg.ac.rs/handle/123456789/13948?locale-attribute=sr_RS. 

Dissemination activities included participation in national and international conferences, science 
fairs, and outreach events, including the European Researchers’ Night and the International Fair 
of Technics. Scientific dissemination resulted in five open-access journal publications (with two 
additional manuscripts submitted), six poster presentations at international conferences, one 
oral presentation at an international conference, and one invited talk at a domestic 
conference (Annex VII). In addition, project results were communicated to a broader audience 
through two popular science and business articles published in MOVEM and Biznis magazines 
(Annex IV). 

WP3 delivered measurable outcomes in terms of researcher training, international collaboration, 
dissemination, and future funding readiness. The activities directly supported scientific excellence, 
improved experimental quality, strengthened international partnerships, and contributed to the 
preparation of multiple competitive project proposals, ensuring continuity of research and impact 
beyond the duration of the LEDtech-GROW project. 

 

10. Conclusions 
 

 

LEDtech-GROW team members reached Milestone M1.1 - A list of Eu3+ and Bi3+/Eu3+-activated 
phosphors defined (verification: Single-phase crystal structure and appropriate phosphors’ 
emission that matches the PAR spectrum). The list is as follows:  

1. Eu3+-doped Sr2GdF7 colloidal and powder nanoparticles  

2. Eu3+-doped RbY3F10 powder nanoparticles  

3. Bi3+, Eu3+-doped SrF2 nanopowders  

 

LEDtech-GROW team members reached Milestone M1.2 - High-performance phosphors selected 
(verification: Superior moisture resistance, QE > 50%, FWHM < 50 nm, and low thermal quenching 
of luminescence up to 150 °C). The list is as follows:  

1. Sr2GdF7:80 mol% Eu3+ nanoparticles (QE=60.4%, Thermal stability= 83%) 

2. SrF2:10mol%Eu3+, 20mol%Bi3+ nanoparticles (highest red/blue emission portion 40.8 : 59.2).  
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3. BaYF5:10mol%Eu3+, 20mol%Bi3+ nanoparticles (energy transfer efficiencies (ηT) of 16%). 

 

LEDtech-GROW team members reached Milestone M2.1 - LEDs fabricated (verification: LED 
emission matches the PAR spectrum of plant photoreceptors (see below)). 

 

 

SrF2:10%Eu3+,20%Bi3+ 

 

SrF2:10%Eu3+,20%Bi3+ 
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SrF2:10%Eu3+,20%Bi3+ 

 

Sr2GdF7: 80%Eu3+ 

 
 

Sr2GdF7: 80%Eu3+ 
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Sr2LaF7:50mol%Eu3+ 

 

Sr2LaF7:50mol%Eu3+  

 

RbY3F10:50mol%Eu3+  
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RbY3F10:50mol%Eu3+ 

 

The LEDtech-GROW team members successfully achieved Milestone M3.1, Professional 

development of young and early-stage researchers completed. Verification was provided through 

the completion of European Training Academy courses and intellectual property rights (IPR) training, 

as well as active participation in dissemination and proposal preparation activities. Team members 

attended 2 workshops, 4 specialized trainings, 8 webinars, and 2 information days. In terms of 

scientific dissemination, they delivered six poster presentations at international conferences, one 

oral presentation at an international conference, and one invited talk at a domestic conference. In 

addition, the team submitted four project proposals as principal investigators, with funding decisions 

currently pending. 

 

 

The ability to convert UV into blue and red light in inorganic phosphors for LEDs in agricultural 

applications is essential to boost the photosynthesis of plants in greenhouses. For example, plants 

like tomatoes, peppers, and orchids benefit from red light during their flowering and fruiting stages. 

For plants like strawberries or cucumbers, red light will support better fruit production. Leafy greens 

like lettuce, spinach, and kale thrive under blue light as it promotes healthy leaf growth. Also, blue 

light helps young seedlings develop strong, healthy leaves and stems, giving them a solid start. 

Therefore, the tunable red and blue emission achieved in Bi³⁺-co-doped SrF₂:Eu³⁺ 

nanoparticles demonstrates that this LED configuration exhibits the most favorable 

properties among all fabricated devices, offering balanced spectral coverage and the highest 

potential for supporting plant growth throughout all developmental stages. 

 


