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Main activities

WP 1 Synthesis of Organic Materials
» Design of new molecules

» Synthesis and purification

» Structure elucidation

WP 2 Investigation of the Photophysical Properties

» Steady-state and transient spectroscopy measurements
» Dynamic spectral measurements upon external stimuli
» Preparation of 1D and 2D solid-state materials

WP 3 Study and Evaluation their Working Functions as Molecular Devices

» Solid-state performance of organic materials (thin films, bulk material, deposition
of various substrates)

» Investigation microscopic characteristics by TEM, SEM, XRD

» Structure-properties relationship evaluation



Solvent extraction of metals
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Solvent extraction of metals
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Solvent extraction performance of IL, HL (11102 mol/dm?), S1 and S2 (811073
mol/dm?) ligands diluted in [C,C,im"][Tf,N"] and as well as the two mixtures

(HL—S1 and HL—S2: 1110-2 mol/dm? — 51103 mol/dm3) for 22 metal ions

J. Mol. Lig. 415 (2024) 126332. Q1
Molecules 30 (2025) 786. Q2

MoHacToAWweM ponaTa Ha nuraHgMTe e HaydyHoO wu3cnedBaHa
NoOOTAENHO N B KOHTEKCTa Ha eanH MeTan WUnu egHa rpyna metanu,
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NPUNOM B KOHTEKCTA Ha 3eneHa MHAYCTPUS C HyneB oTnaabk.

Eud+ complex of HL/S1 in ionic liquid [C1C4im+][Tf2ZN-]
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'"H NMR spectrum of Eu** complex of HL/S1 in [C,C,m*][Tf,N"] obtained during solvent
extraction process, without any dilution of the organic phase with an organic (deuterated)
diluent.



Light-driven self-sterilizing cotton fabric and drug delivery

Photochemical & Photobiclogical Sdences | P
htips:/idoiorg 10.1007/543630-025-00710-1 N

ORIGINAL PAPERS ®) (o} J/
Crah o

sses O N
KO,S o

Light-driven self-sterilizing cotton fabric and drug

delivery: improvement of the antimicrobial activity

of 4-sulfo-1,8-naphthalimide via its dendrimer and metallic dendrimer
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Figure. The release of monomer M, KOS 0 OA&J
dendrimer E, and metallodendrimer SOK
[Cu,(E)(NO;),] from the cotton fabric in a %o
phosphate buffer with pH=7.4 at 37 °C .
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Textile with antimicrobial and cleaning properties
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Fluorescent Hyperbranched Polymers and Cotton Fabrics Treated
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Figure. The growth of the model strains P. aeruginosa
and B. cereus in the presence of cotton fabrics treated
with polymers P1, P2, and P3, (1—control, 2—in the
dark, and 3—after illumination).

Table. Virucidal effect of cotton fabric treated with the polymers against
HRSV-2 and HAdV-5 (irradiated with light for 1 h and non-irradiated).

HRSV-2 HAdV-5
Irradiated Non-Irradiated Irradiated Non-Irradiated
Alog30 Alog60 Alog30 Alog60 Alog30 Alog60 Alog30 Alog60
uv min min min min min min min min
40mm Pl 0 0. 0 0 0 02 0 0
P2 0 0.1 0 0 0 0.1 0 0
P3 0 0.3 0 0 0 0.4 0 0
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Molecular sensors and fluorescent logic gates

Fluorescent sensing 1,8-naphthalimide based TICT rotors
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Molecular switches

Chiral and non-conjugated C2-spirooxindole substituted at the C3 position by a
phenyl ring has been studied for its unusual photoluminescence behaviour.

Journal of Photochemistry & Photobiology, A: Chemistry 463 (2025) 116316
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Visible Light Switching of Ortho-Functionalized Azo Phthalimides
with Tunable Z-lsomer Stability
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Martin Vala, Tsuyoshi Miura, and Anton Georgiev*
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ABSTRACT: Herein, a novel class of azo photoswitches based on pare o Broad Famgs visible fight switcitling:
a phthalimide with an ortho azo bond to the imide ring is presented, + Tunable 2 isomer stability;
exhibiting reversible isomerization under a broad range of visible | High switching performance;
light irradiation from 405 to 530 nm. Structural variations with
heteroaryl or aryl segments attached to the 3-phthalylazo unit = Visible light
exhibit distinct spectral features, such as red-shifted absorption, _ 405530 nm__ ‘
well-separated absorption bands, and tunable stability of the -/ iﬁ il
metastable Z isomer, ranging from seconds to days. They differ Visibe o 0V e

E (trans) z tc.:.]

drastically in the half-life of Z-isomer stability, ranging from several
seconds (N-methylpyrrole) to days (N-methylimidazole). The
ortho-cyanophenyl azo dye shows an n—z* band separation of 22 nm between the E and Z isomers, enabling on—off switching by
green (530 nm) and blue (430 nm) light. X-ray structural analysis reveals that the E isomer adopts a planar geometry. The Z isomers
exhibit a T-shaped configuration for dyes with heteroaryl segments, while aryl Z isomers adopt a twisted conformation. Ground-state
density functional theory calculations suggest a different mechanism for Z/E thermal relaxation depending on the heteroaryl or aryl
substituents, explaining the varying stability of the Z isomers. Van't Hoff analysis of the thermal Z/E isomerization provided
enthalpic and Gibbs free energy changes, supporting the substituent-dependent trends in Z-isomer stability.

:’:~®G

A novel class of azo photoswitches based on a phthalimide with an ortho
substitution with improved characteristics has been synthesized and studied.

*

Hecht, J. Am, Chem. Soc. 2012, 134, 20597-20600

£ E
Blue light N=N
Blue light
EZ NNy
~{ jn_ Fuchter, Chem. Commun, 201652, 45214524
ZIE < N=N ~
Green light

or thermal

z

A?_nPh-d
AzoPh-1 AzoPh-2  AzoPh-3
N = L.
N 'N 5 Ar= ix:N [:L [ J
o]
* irradiation = 405 - 530 nm /
N—" s
A irradiation = 320, 430 nm
Y or thermal relaxation o L gz= 450nm  405nm 53{’ nm
E (trans) Z (cis) A zE= thermal 320nm 430 nm
" nr
Ry R: N JE——
= UV light {1 —e— irnckaticn at 365 nm
R‘—@---N\\ £z €=> J/_\< wfl [ reackaten # 254
- N_Q_Rz e b /N:N)——/ . Z: I.l:,-" '-,||I Poor n-mr* band separation.
E Visible light 3.l I\ a A Impossible E/Z i: ization by visible light.
or thermal < "Ii’ ; '|I'.I
TR II f 1
Ortho-f - An overview 2 }\}"”" i‘ll\
Green light #e  ®  am e  wm  ®a  me  mo
Wavabegth inm)
f \r”\ EJZ. = =
l JN )\/ [\%l } | &  Herges. . Am Chem. Soc. 2008, 131, 1550415505
z
Blue light
1 Green light
o, 0 remru =0 HN_?:
HNQN. b — M)
— = NH ZE _fZ ~  Woolley, J. Am. Chem. Soc. 2011, 133, 1968419587
<} oMe | Bluelight  geg  NeN  OMe
Meo
£ z
F @reen light

thermal



Molecular switches

The kinetics and thermodynamic comparative analysis reveals that AzoPh-1
and AzoPh-2 exhibit the highest AH®, indicating strong enthalpic
stabilization of their Z isomers. However, only AzoPh-2 shows a positive
AG®, confirming that the Z isomer is thermodynamically stable at ambient
temperature and kinetically persistent, with the slowest thermal reversion
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Ground state DFT TS state geometry to establish the mechanism of thermal relaxation
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Projects’ conference

International Conference on Bioactive, Organic and Inorganic Advanced Materials and Clean Technologies
24 — 28 March 2025, Sofia

Conference Topic: Light-Responsive Materials

The researcher's form: Japan, Czech Republic, Italy, France, Germany, Switzerland, United Kingdom



Dissemination of the results and EU Network establishing
= Established European network for Functional Organic Materials by 1st
meeting November 2023. 2"d meeting September 2024.
34 meeting Octomber 2025.
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The results are developed as part of contract Ne: BG-RRP-2.004-0002-C01, Laboratory of
Organic Functional Materials (Project BiOrgaMCT), Procedure BG-RRP-2.004 “Establishing of
a network of research higher education institutions in Bulgaria”, funded by BULGARIAN
NATIONAL RECOVERY AND RESILIENCE PLAN
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