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BEYOND THE CLASSICAL 
THERMODYNAMIC CONTRIBUTIONS TO 

H-ATOM ABSTRACTION REACTIVITY 
 
 
 

Ing. Daniel Bím 
 

RNDr. Martin Srnec, PhD. 
 

The mononuclear and binuclear non-heme iron (NHFe and NHFe2) enzymes play an 
essential role in a broad range of biochemical transformations, including, inter alia, the 
functionalization of unreactive C–H bonds of organic substrates. Due to their versatility 
in Nature, much effort has been devoted to preparation of novel (bioinspired) NHFe(2) 
catalysts. An important common theme for all of these species is that their chemistry is 
closely related to their redox properties, which are in turn determined by many factors: 
variability in oxidation, spin, and protonation states, molecular charges, types of ligands, 
coordination geometries (ligand fields), and solvent (protein) environments.  

Based on our experimentally calibrated methodology for the calculation of reduction 
potentials of NHFe complexes, we studied the effect of redox properties of selected 
non-heme FeIVO species on their H-atom-abstraction reactivity. This allowed us to 
discover the simple thermodynamic descriptor η, denoted as the “asynchronicity factor”, 
arising from a differential contributions of redox and acidobasic properties of H-atom 
acceptor and donor. Being correlated to the reorganization energy λ from Marcus theory 
of electron transfer, the parameter η represents a new and general concept in reactions 
involving the hydrogen atom transfer. As such, it provides a straightforward guideline for 
a tailored design of efficient and selective H-atom-transfer catalysts. Variations in 
effective redox and acidobasic contributions through the modification of an axial ligand in 
the coordination sphere of a catalytic site (demonstrated for the large set of non-heme 
FeIVO complexes) served as an example of such a strategy. 
 
 
 
 



MULTIREFERENCE COUPLED 

CLUSTERS CORRECTED BY 

DENSITY MATRIX 

RENORMALIZATION GROUP 
 

 
Mgr. Jan Brandejs 

 
RNDr. Libor Veis, Ph.D. 

 

 
The single-reference coupled clusters (CC) is nowadays a method of choice for accurate 
description of weakly correlated molecules. 
Nevertheless, the situation is dramatically different for strongly correlated 
(multireference) systems, where no single Slater determinant dominates the wave 
function and the usual single reference approaches break down. Since many chemically 
interesting compounds and particularly reaction intermediates have multireference 
character, development of methods capable of treating such systems is an important 
task.  
 
As an example of a method suitable for treating strongly correlated systems, we cite the 
density matrix renormalization group (DMRG). It is known for its great efficiency for 
relatively large active spaces and for its ability to precisely capture the static correlation. 
It is, however, computationally prohibitive to brute-force DMRG to capture dynamic 
correlation by including all virtual orbitals into the active space. It seems thus interesting 
to exploit pathways to benefit from the combination of the DMRG with another method. 
 
We consider combining DMRG with CC, in particular multireference Mukherjee's CC — 
the former robustly describing the static correlation and the latter to obtain the remaining 
dynamic correlation — with the aim of accurate, balanced, and efficient treatment of 
both. In our implementation, first a calculation using the DMRG method is done in the 
active space. A subsequent multireference CC calculation for the rest of the Hilbert 
space is then able to compute the remaining dynamic correlation absent in DMRG itself. 
Most recently we have applied this method to benchmark systems with complex 
electronic structure, namely cyclobutadiene and tetramethylethylene.  
 
 



SURFACE SENSITIVITY OF THE 
FORMALDEHYDE REDUCTION  

ON TiO2 CATHODES  
 

Vladislav Buravet, MSc 
	

Doc. Ing. Petr Krtil, CSc. 

 

Carbon dioxide (CO2) is one of the most important greenhouse gases and represents the 
largest human contribution to the climate change. Although there are chemical 
technologies capable of converting the CO2 to valuable chemicals like fuel (e.g. Fischer-
Tropsch process), they remain dependent on fossil fuels both for energy and for the 
source of hydrogen. 

The electrochemistry can in principle provide a technology linking the renewable 
electricity sources with CO2 valuation. The CO2 reduction is a multielectron process 
which is difficult to control in terms of activity and selectivity. The state of art catalysts are 
based on Cu and Ag, the potential of non-metal catalyst is poorly understood so far. 

TiO2 has received great attention as a catalyst due to high efficiency, low cost and lack of 
toxicity. It was shown that TiO2 (anatase) with different surface orientation possess 
different catalytic activity in water splitting process[1]. Two types of TiO2-anatase 
catalysts, dominated by {001} and {101} surface orientation, were investigated in present 
work. Catalytic activity on formaldehyde reduction was analyzed as formaldehyde is 
known to be an intermediate on the pathway of CO2 reduction[2] so the use of 
formaldehyde avoids hindrances caused by low solubility of carbon dioxide in aqueous 
solutions. Products of formaldehyde reduction were detected online using differential 
electrochemical mass spectroscopy (DEMS) technique.  

The reduction of formaldehyde on TiO2 in  0.1M KHCO3 solution (pH=9.3) is 
accompanied by vigorous hydrogen evolution reaction (HER). Based on the DEMS  data 
the HER dominates, and the charge efficiency of the formaldehyde reduction on TiO2  
amounts to 26% and 14% on the {001} and {101} surfaces, respectively. Methane and 
methanol are detected as the main volatile products on both types of surfaces. TiO2 with 
{001} surface orientation is determined as catalytically more active. However, TiO2 with 
{101} facets shows higher selectivity in the reduction of formaldehyde towards methane 
and methanol, as higher amounts of these products are created at lower current passing 
for the formaldehyde reduction. 
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EXPLORING CYTOTOXIC 
TITANOCENE DIHALIDES 

 

David Dunlop 

RNDr. Martin Lamač Ph.D. 

 

Various metallocenes have been shown to possess interesting cytotoxic activity, 
making them potential anti-tumor agents. The cytotoxic properties of the so called 
„sandwich complexes” are strongly dependent on both the metals and the fine tuning 
of their ligands. 

The goal of this talk is to share the challenges posed by the synthesis of selected 
titanocene dihalides and the approaches we have applied to their solution, the results 
of NMR and X-ray diffraction analysis of the isolated complexes and some of the 
preliminary results of their cytotoxic parameters. 
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LONG-TIMESCALE DYNAMICS IN 
HYDROGEN-BONDED CLUSTERS: 

STUDY OF VIBRATIONALLY EXCITED 
(HBr)n CLUSTERS 

 
Ing. Kateřina Grygoryeva 

 
Doc. Mgr. Michal Fárník, Ph.D., DSc. 

 
Hydrogen bonding is recognized as one of the vital interactions defining structural and 
dynamical behavior of many systems in physics, chemistry and biology.1 Its properties 
can be conveniently studied on hydrogen halide (HX) clusters, which exhibit hydrogen 
bonding of variable strength decreasing in the row HF–HCl–HBr–HI from almost 
covalent to nearly van der Waals interactions.2 Hydrogen halides are relatively simple 
diatomic molecules, which facilitates the theoretical treatment of their clusters at high ab 
initio level. Thus (HX)2 dimers served as benchmark systems for ab initio quantum 
mechanical calculations contributing to the development of the hydrogen bond theory.3,4 

One of intriguing questions to be answered concerns the flow of energy in these 
clusters. Specifically, how does vibrational excitation affect the cluster, and what are its 
relaxation pathways? In this work, we investigate the effect of vibrational excitation on 
hydrogen bromide clusters (HBr)n and on their photodissociation dynamics. In particular, 
we excite one quantum of HBr stretch vibration at wavelengths corresponding to HBr 
molecules located in various clusters. For comparison, we also excite bare molecules. 
Free molecules and molecules in clusters are then photodisociated by a UV-laser pulse; 
their H-fragments are ionized and their velocities are recorded using a Velocity map 
imaging (VMI) method. VMI images recorded at different delays between IR and UV 
laser pulses suggest a presence of fast relaxation dynamics in vibrationally excited 
clusters; however, it cannot be quantified in our experiment with ns resolution. 
Nevertheless, these images also show a much longer dynamics happening on a slower 
time-scale: hundreds of nanoseconds. 
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HOLLOW FIBRE MICROEXTRACTION 
AND VOLTAMMETRIC DETECTION OF 

HOMOVANILLIC AND 
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Homovanillic acid (HVA) and vanillylmandelic (VMA) acid are end-stage metabolites of 
dopamine and epinephrine in human body. These compounds are biomarkers of various 
neurological, metabolic and oncological disorders, e.g. neuroblastoma, the most 
common extracranial cancer in infants. The determination of HVA and VMA in human 
fluids is important for clinical applications as well as for large scale pre-emptive 
screenings. 
 
Hollow fibre microextraction is a relatively new method for biological sample preparation. 
The hollow fibres are typically made from thin porous polypropylene (pore diameter 
0.2 µm). The fibre serves either as a separator between phases (e.g. water/1-octanol) in 
two phase extraction, or more commonly, as a carrier of a water immiscible liquid 
membrane. Utilization of liquid membrane in a three-phase system features low 
consumption of organic phase and possible extraction of ionisable species into aqueous 
phase. Acidic species are extracted from acidic solution through organic liquid 
membrane to the basic solution inside the fibre. The aqueous extract is also convenient 
for subsequent voltammetric detection. 
 
The lecture presents possibilities of HVA and VMA hollow fibre microextraction followed 
by voltammetric detection. Various aspects of extraction and determination of HVA/VMA 
in very small volumes or inside the fiber itself will be discussed, including suitable liquid 
membranes, electrode materials and experimental setup. 
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PŘÍPRAVA GUANIDINÁTOVÝCH 

KOMPLEXŮ ZIRKONIA 

 
 

 

 

Kristýna Pokorná 
 

Mgr. Michal Horáček, Ph.D. 
 
Tato práce se zabývá přípravou a studiem vlastností sloučenin zirkonia obsahujících 
guanidinátový ligand mající ve svém strukturním motivu N-C(N)-N skelet. Cílem práce 
bylo především osvojení si technik experimentální práce v laboratoři při manipulaci 
s látkami citlivými na vzduch a vlhkost, které jsou v dnešní době již požadovaným 
standardem ve všech oborech chemie. V rámci této práce se podařilo připravit novou 
tris(dimethylamidovou) sloučeninu zirkonia obsahující guanidinátový ligand a rovněž 
lithnou sůl výchozího guanidinátového ligandu. Připravené sloučeniny byly 
charakterizovány pomocí spektroskopických technik nukleární magnetické rezonance 
a infra-červené spektroskopie. 
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