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Chemometrics

Derivative spectroscopy

Tautomerism

Supramolecular chemistry

Dye chemistry

ABOUT THE PROJECT

Traditionally our research is focused to organic and hybrid systems used as dyes, 
indicators, sensing and NLO materials. Molecular spectroscopy (UV-Vis-NIR, IR/
Raman, fluorescence, NMR and mass spectrometry) and quantum chemistry are 
used as tools. In other words we are on the border between physical organic and 

organic analytical chemistry, depending on the viewpoint.

The main fields are:
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ABOUT THE TEAM

Inter and IntraMolecular Processes (I2MP) Group has been created in 2007 
after the group leader had been appointed as Senior Research Associate 
in Organic Chemistry at The Institute of Organic Chemistry with Center 
of Phytochemistry, Bulgarian Academy of Sciences. The group continues 
the development of The UV-Vis Spectroscopy and Chemometrics Group 
(National Forestry University, Sofia).

GROUP MEMBERS:

Alumni:
Vesselin Petrov, PhD student (Spectroscopy/Chemometrics),  
currently at University of Lisboa, Portugal

Sonya Damyanova, Collaborator (Ecology),  
currently at University of Forestry, Bulgaria

Maya Nikiforova, PhD student (Optical sensors),  
currently at DansPharma, Bulgaria

Boriana Cavicchia, MSc student (Tautomeric dyes),  
currently at American Red Cross

Dimitar Dimitrov, MSc student (Aggregation of Dyes)

Liudmil Antonov  Boss  

Dr Vera Deneva  Assistant Professor  

Dr Atanas Kurutos Assistant Professor  

Yana Manolova  Assistant Professor  

Nevse Molla   PhD student (1st year)  

Dinko Stoikov  PhD student (1st year)  

Silvia Hristova  MSc student (Sofia University)  

Daniela Ivanova  MSc student (Sofia Medical University) 

Nikola Dimitrov  BSc student (Sofia University)
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Liudmil Antonov, PhD, DrSci

ABOUT THE TEAM

Bulgarian Academy of Sciences 
BAS · Emil Djakov Institute of Electronics

Liudmil Antonov currently works at the Institute of Organic Chemistry with 
Centre of Phytochemistry, Bulgarian Academy of Sciences. Liudmil does research 
in Analytical Chemistry, Physical Organic Chemistry and Spectroscopy. The 
current projects are based on the tautomerism of organic compounds.

Memberships:

European Photochemical 
Association

Tokyo Institute of 
Technology Alumni 
Association

Bulgarian Humboldt Union

Union of Scientists in 
Bulgaria

Research Interests :

Quantum chemistry  
(relative stability of equilibrium systems, 
solvent effects, absorption and emission spectra 
prediction)

Molecular Spectroscopy  
(UV-Vis-NIR, fluorescence, mass spectrometry)

Chemometrics  
(including derivative spectroscopy  
and overlapping bands fitting)

Tautomerism  
(experimentally and computationally)

Supramolecular chemistry  
(host-guest interactions, molecular switches  
and wires, sensoring systems)

Dye chemistry  
(design and properties - photochromism, 
thermochromism, halochromism, 
solvatochromism, aggregation)
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At Tokyo Tech (1995)

In the Laser Lab of Prof. W.Rettig 

(Humboldt University Berlin, 2004)

New spectroscopy unit of  Antonov’s  
laboratory: Mr. M.Cuenat (Head of Swiss Mission 
in Bulgaria), Prof. V.Dimitrov, me, Mr. J.Schenk 
(Embassy of Germany) and Prof. B.Tchorbanov 
(2009)

New spectroscopy unit of my laboratory: 
Mr. M.Cuenat (Head of Swiss Mission 
in Bulgaria), Prof. V.Dimitrov, Prof. L. Antonov, 
Mr. J.Schenk (Embassy of Germany)  
and Prof. B.Tchorbanov (2009)

Dr. Susumu Kawauchi, Liudmil Antonov
and Prof. Toshiro Iijima  
(Jissen Woman’s University, 1995)

With Prof. M.Satoh at Tokyo Tech (2009)

ABOUT THE TEAM
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FIELDS

Chemometrics

The traditional spectrophotometric analysis is based 
on the assumption that the individual spectra of the 
components in a mixture are known. Unfortunately in 
many cases in organic chemistry (tautomeric systems, 
photochemical transients, low stability complexes, 
intermediates, etc.) the species cannot be separated, 
preventing the quantitative spectral analysis as it is 
described in the textbooks.

We developed a procedure for mathematical resolution 
of overlapping bands in the absorption UV-Vis 
spectroscopy (also workable in IR/Raman and CD 
spectroscopy), which can be used as for band shape 
analysis (estimation of the positions and oscillator 
strengths of the overlapping bands in a complex spectral 
contour) as well as for quantitative analysis of undefined 
mixtures (with unknown spectra of the pure compounds).

The latter is much more interesting from practical 
point of view, especially after solving the problem with 
estimation of the number of overlapping bands. Finally 
we have developed a procedure, called Fishing-Net-
Algorithm (FINAL), allowing quantitative analysis of fully 
or partially undefined mixtures. This approach has been 
used for analysis of tautomeric equilibria and processes 
of complexation formation, protonation and self-
association.

Basic papers:

Analysis of the overlapping bands in UV-Vis absorption spectroscopy.  
L.Antonov & S.Stoyanov; Applied Spectroscopy, 47, 1030 (1993)

Resolution of overlapping UV-Vis absorption bands - quantitative analysis 
of tautomeric equilibria. L.Antonov & S.Stoyanov; Analytica Chimica Acta,  
314, 225 (1995)

Resolution of overlapping UV-Vis absorption bands and quantitative analysis. 
L.Antonov & D.Nedeltcheva; Chemical Society Reviews, 29, 217 (2000)

Quantitative analysis of undefined mixtures – “Fishing net” algorithm.  
L.Antonov & V.Petrov; Analytical and Bioanalytical Chemistry, 374, 1312 (2002)

Chemometric models for quantitative analysis of tautomeric Schiff bases  
and azodyes. D.Nedeltcheva, L.Antonov, A.Lycka, B.Damyanova & S.Popov; 
Current Organic Chemistry, 13, 217 (2009)



7

Derivative  
spectroscopy

The derivative spectroscopy is a fast and intuitive 
method for estimation of the number and the positions 
of the bands in various branches of molecular 
spectroscopy (UV-Vis-NIR, IR/Raman, CD). In addition 
- it has substantial importance in the pharmaceutical 
spectral analysis and it is an integral part of the 
treatment of NIR data.

However, both the shape and the informativity of the 
derivative spectra crucially depends on the way of 
recording of the zero-order spectral curve. In the older 
instruments (prism monochromator) the measured 
spectra are function the energy (wavenumbers), while 
in all modern instruments (grating monochromator) 
the measured absorbance is linear to the wavelength 
scale. The change of the scale from wavenumbers 
to wavelengths leads to rising asymmetry of the 
energetically symmetric absorption bands. As a result, 
the instrumentally obtained derivatives from spectra 
recorded linearly to the wavelength scale, attenuate in 
the long wavelength region.

We have developed a procedure, called «Step by 
step filter» (SBSF), which avoids this attenuation and 
provides derivative spectra with good signal-to-noise 
ratio even at low smoothing window.

Approach for increased information from the second-derivative spectra 
in UV-Vis absorption spectroscopy. L.Antonov & S.Stoyanov;  
Applied Spectroscopy, 47, 1712 (1993)

Step by step filter - an approach for noise reduction in the derivative  
UV-Vis spectra. L.Antonov & S.Stoyanov; 
Analytica Chimica Acta, 324, 77 (1996)

Drawbacks of the present standards for processing absorption 
spectra recorded linearly as a function of wavelength.  
L.Antonov; Trends in Analytical Chemistry, 16, 536 (1997)

Fourth derivative spectroscopy - a critical view.  
L.Antonov; Analytica Chimica Acta, 349, 295 (1997)

Step-by-step filter based program for calculations of highly informative 
derivatives curves. V.Petrov, L.Antonov, H.Ehara & N.Harada;  
Computers & Chemistry, 24, 561 (2000)

Basic papers:

FIELDS
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First tautomeric compounds have been reported more 
than 120 years ago. But even now, the study of the 
tautomerism and proton transfer mechanism remains 
a challenge. Tautomeric processes are in the basis of 
the information transfer/storage in the living organisms 
and tautomeric systems are used as photoprotectors, 
molecular switches, laser dyes, optical sensors, etc.

We have concentrated our efforts to investigate 
equilibrium tautomeric systems, i.e. the tautomers 
co-exist in solution. They cannot be experimentally 
separated and analyzed conventionally. Due to the 
methods for quantitative analysis of undefined 
mixtures we have developed many tautomeric systems 
have been investigated quantitatively and structure - 
tautomeric properties relations have been found.

Three are the main classes of tautomeric systems we 
have studied.

Keto-enol tautomerism in azodyes and Schiff bases: 
Important information about the effects of the substituents, strength of 

the intramolecular hydrogen bonding, solvents, temperature and acidity 

have been found by using conventional UV-Vis spectroscopy and advanced 

chemometrics, steady-state and time-dependent fluorescence, quantum 

chemistry and linear solvation energies relationships. As a result, using the 

accumulated knowledge, we have developed a tautomeric molecular switch, 

which allows directed shift in the position of the tautomeric equilibrium in 

1-phenylazo-4-naphthol under addition of acid or metal ions.

Ammonium-azonium tautomerism in protonated amino 
azodyes: Depending on the structure and substituents a clear color 

change is observed under protonation, allowing these dyes to be used as 

pH-indicators.

Tautomerism, stability and aggregation of heterocyclic 
compounds: Here we have studied the tautomeric properties and 

stability of thiopyridines and pyrimidines and the concentration effects on 

the tautomerism in 2-aminobenzimidazole.

Exploiting the tautomerism for 
switching/signaling purposes. 
L.Antonov, V.Deneva, S.Simeonov, 
V.Kurteva, D.Nedeltcheva & J.Wirz; 
Angewandte Chemie International 
Edition, 48, 7875 (2009)

Tautomerism in 1-phe-
nylazo-4-naphthols: experimental 
results vs quantum-chemical predic-
tions. L.Antonov, V.Kurteva, A.Cro-
chet, L.Mirolo, K.Fromm & S.Angelo-
va; Dyes & Pigments, 92, 714 (2012)

Chemometric models for quantita-
tive analysis of tautomeric Schiff 
bases and azodyes. D.Nedeltcheva, 
L.Antonov, A.Lycka, B.Damyanova & 
S.Popov; Current Organic Chemistry, 
13, 217 (2009)

Tautomerism in hydroxynaphthal-
dehyde anils and azo analogues: a 
combined experimental and compu-
tational study. W.M.F.Fabian, L.An-
tonov, D.Nedeltcheva, F.S.Kamounah 
& P.J.Taylor; Journal of Physical 
Chemistry, 108A, 7603 (2004)

Tautomerism

Basic papers:

FIELDS
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FIELDS

Supramolecular 
chemistry

Two are the fields we work in:

Nonbonding interactions. We are interesting how the formation 

of aggregates influences the optical and tautomeric properties of dyes. The 

simplest case - monomer-dimer equilibrium - is usually considered in the 

frame of Kasha’s (exciton) theory. According to it two kinds of dimers are 

formed: sandwich (H-type, a/c in the picture below) and head-to-tail (J-type, 

b/d in the picture below). In the practice the usual problem is to find the 

spectrum of the dimer and to calculate the structural parameters (distance 

between the monomeric units R and angle between the monomer transition 

moments a). This can be solved by number of methods, one of them is our 

Fishing-Net-Algorithm. More complicated is to study how the dimer formation 

can influence the relative stability of the tautomers in a tautomeric mixture, 

which we do in the case of azodyes, Schiff bases and heterocyclic compounds.

Design of macrocyclic ligands. For couple of years we have 

tried to develop various aza-15-crown-5 based ligands. In most of the 

cases the azacrown was directly conjugated to the chromophore system, 

which leads to reduced electron density at the nitrogen atom (and as a 

result - low stability constants of the complexes obtained) and a blue shift 

of the absorption maximum under complexation (and as a result - limited 

applicability). Then we decided to exploit the tautomerism as signal converter 

using the fact that the tautomeric forms have different colors. The idea is 

shown below. The off-state is achieved through engagement of the tautomeric 

hydrogen using the hydrogen bonding ability of an antenna, which is 

connected to the tautomeric unit by a spacer. The engagement of this antenna 

by external stimuli (like addition of acid or metal ions) causes change in the 

tautomeric state, switching to the on-state. When the action of the stimuli is 

terminated the tautomeric equilibrium returns back to the off-state.

With this idea in mind we have developed a ligand, 
where an aza-15-crown-5 moiety is used as antenna 
and 1-phenylazo-4-naphthol as signaling unit. This 
compound gives red shift under complexation and the 
stability constants (alkali and alkaline-earth metal ions) 
are fairly high. This is not surprising, because the metal 
ion interacts better with the carbonyl oxygen, shifting 
the equilibrium towards the keto tautomer. On the other 
side, the keto carbonyl group plays a role of an active 
side-arm, supporting the process of complex formation.

Basic papers:

Exploiting the tautomerism for 
switching/signaling purposes. 
L.Antonov, V.Deneva, S.Simeonov, 
V.Kurteva, D.Nedeltcheva & J.Wirz; 
Angewandte Chemie International 
Edition, 48, 7875 (2009)

Tautocrowns: a concept for a sensing 
molecule with an active side-arm. 
L.Antonov, V.Kurteva, S.Simeonov, 
V.Deneva, A.Crochet & K.M.Fromm; 
Tetrahedron, 66, 4292 (2010)

Gas phase study of molecular 
switches based on tautomeric proton 
transfer. D.Nedeltcheva, V.Kurteva & 
L.Antonov; European Journal of Mass 
Spectrometry, 17, 47 (2011)

Complexation properties of Schiff 
bases containing N-phenylaza-
15-crown-5 moiety. L.Antonov, 
M.Vladimirova, E.Stanoeva, 
W.M.F.Fabian, L.Ballester & M.Mitewa; 
Journal of Inclusion Phenomena, 40, 
23 (2001)
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FIELDS

Dye chemistry

Our interest is directed to the design of 
dyes for sensing and high-tech applications 
and to the spectral properties of dyes in 
solution and solid state. Many types of colour 
properties related phenomena (aggregation, 
tautomerism, halochromism, thermochromism, 
solvatochromism, complexation, NLO activity) 
have been studied during the years.

Solvent effects on the second-order nonlinear optical responses in the keto−enol equilibrium of a 
2-hydroxy-1-naphthaldehyde derivative. E.Bogdan, A.Plaquet, L.Antonov, V.Rodriguez, L.Ducasse, 
B.Champagne & F.Castet; Journal of Physical Chemistry, 114C, 12760 (2010)

Exploiting the tautomerism for switching/signaling purposes. L.Antonov, V.Deneva, S.Simeonov, 
V.Kurteva, D.Nedeltcheva & J.Wirz; Angewandte Chemie International Edition, 48, 7875 (2009)

A systematic femtosecond study on the two-photon absorbing D-pi-A molecules - pi-bridge 
nitrogen inseprtion and strength of the donor and acceptor groups. L.Antonov, K.Kamada, K.Ohta & 
F.S.Kamounah; Physical Chemistry Chemical Physics, 5, 1193 (2003)

Temperature dependent absorption spectroscopy of some tautomeric azodyes and Schiff bases. 
H.Joshi, F.S.Kamounah, G.van der Zwan, C.Gooijer & L.Antonov; JCS Perkin Transactions 2, 2303 (2001)

Aggregation and tautomeric properties of C.I. Acid Red 138. T.Iijima, E.Jojima, L.Antonov, S.Stoyanov & 
T.Stoyanova; Dyes & Pigments, 37, 81 (1998)

Ammonium-azonium tautomerism in some N,N-dialkylaminoazodyes: Part 1 - General considerations. 
T.Stoyanova, S.Stoyanov, L.Antonov & V.Petrova; Dyes & Pigments, 31, 1 (1996)

Basic papers:
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SOFTWARE

The following 
software 
has been 
developed 
in our group

STEP BY STEP FILTER  
Smart approach to increase the 
information, which can be extracted by 
using derivative spectroscopy 

FISHING-NET ALGORITHM 
Program for resolution of overlapping 
bands and quantitative spectral 
analysis of undefined (with unknown 
individual spectra of the components) 
mixtures

MARCUS FITTING 
Program for resolution of 
charge transfer absorption/
emission bands

GLOBAL FITTING OF Z-SCAN 
CURVES (two-photon absorption) 
We do not support this program 
anymore
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COLLABORATIONS

Prof. Mariana Mitewa (University of Sofia, Faculty of 
Chemistry, since 1992) - coordination chemistry

Prof. Susumu Kawauchi (Tokyo Tech, Department 
of Organic and Polymeric Materials, since 1995) - 
quantum chemistry

Prof. Poul Erik Hansen and Dr. Fadhil S. Kamounah 
(University of Roskilde, Department of Science, 
Systems and Models, since 1997) - tautomerism of 
Schiff bases

Prof. Walter M.F. Fabian (University of Graz, Institute 
of Chemistry, since 1998) - tautomerism

Prof. Gert van der Zwan (Vrije University Amsterdam, 
Department of Chemistry and Pharmaceutical 
Sciences, since 1998) - proton transfer

Prof. Koji Ohta and Dr. Kenji Kamada (National 
Institute of Advanced Industrial Science and 
Technology, Research Institute for Ubiquitous Energy 
Devices, since 2002) - NLO materials

Prof. Jakob Wirz (Univertsity of Basel, Departement 
Chemie, since 2005) - flash photolysis

Prof. Katharina M. Fromm (University of Fribourg, 
Chemistry Department, since 2007) - crystallography

Prof. Stefan Lochbrunner (University of Rostock, 
Institute of Physics, since 2011) - dynamics of proton 
transfer

Prof. Christoph Schalley (Free University of Berlin, 
Institute of Chemistry and Biochemistry, since 2012) - 
supramolecular chemistry

Prof. Carlo Adamo (ParisTech, since 2014) - excited 
state proton transfer
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