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[RuCl;(p-cymene)]. IMMOBILIZED ON
MESOPOROUS MOLECULAR SIEVES
SBA-15 AS CATALYST FOR ROMP

Ing. David Bek

Prof. Ing. Jifi Cejka, DrSc.

Metathesis of unsaturated compounds is important reaction, which is applied in
petrochemistry, in preparation of polymers or synthesis of fine chemicals. Ru
complexes are the most effective metathesis catalysts in contrast to other
transition metal catalysts. Mesoporous sieves represent advantageous support
for heterogeneous catalysts including metathesis ones [1] due to large surface
areas, high void volumes and narrow pore size distributions of mesopores. By
immobilization of suitable Ru complexes on mesoporous molecular sieves new
metathesis catalysts can be prepared with following advantages: i) easy
separation of catalyst leading to products free of catalyst residues, ii) reusability,
iii) high activity and selectivity.

New heterogeneous metathesis catalyst has been prepared by immobilization of
[RuCly(p-cymene)], on siliceous mesoporous molecular sieves SBA-15 (Sger =
915 m/g, V = 1.10 cm®/g, d = 6.3 nm). The catalyst with 1wt% of Ru, was
prepared by stirring of dried SBA-15 with [RuCl,(p-cymene)]z in CH2Cl,. Activity
of the catalyst was tested in ring opening metathesis polymerization (ROMP) of
2-norbornene (1) as a model reaction.

n jy - XY o
n

After catalyst activation with trimethylsilyldiazomethane, the yields of high
molecular weight polynorbornene (M, = 2.8-7.4:10°) up to 77 % were obtained
(1 h, 60°C). Filtration test proved that the catalytic activity is bound to the solid
phase. The polymer structure corresponding with equation (1) was proved by IR
and NMR spectroscopy. Catalyst could be easily separated from reaction mixture
in contrast to the corresponding homogeneous system [2] and, therefore, the
final polymer with reduced amounts of catalyst residues was obtained.

[1] H.Balcar, J.Cejka, in Metathesis Chemistry: From Nanostructure Design to
Synthesis of Advanced Materials, Y.Imamoglu, V.Dragutan (eds.), Springer 2007,
pp. 151-166.

[2] A. Demonceau, A. W. Stumpf, E. Saive, A. F. Noels, Macromolecules 30,
3127-3136, (1997).



IMPLEMENTATION OF STATE-
SPECIFIC MULTIREFERENCE
MUKHERJEE COUPLED CLUSTER
THEORY

Mgr. Kiran Bhaskaran Nair

Magr.Jifi Pittner, Dr. rer.nat.

State-specific multireference coupled cluster theory is one of the most successful method for
studying quasi degenerate molecular systems which require a multideterminantal treatment
even for qualitatively correct description. One successful approach is state-specific
multireference Mukherjee Coupled-Cluster (MKCC)[1] method. Unlike the Brillouin-Wigner
Coupled-Cluster (BWCC)[2], which has been studied extensively at our institute, MkCC is
rigorously size-extensive, which refers to the linear scaling of the energy with the number of
non interacting particles. However the structure of equations in MKCC equations is more
complex than in BWCC, since its coupling terms include cluster amplitudes corresponding to
different sets of cluster amplitudes.

MkCCSD has been effectively implemented in the Aces2 Program Package, which can be
used for the study of real systems. Present implementation is able to handle arbitrary number
of both closed shell and open shell reference configurations. MKCCSD has now being
employed to study systems where BWCC had problems. Future works include
implementation of triexcitations and a parametrized version.

References

1. U. S. Mahapatra, B. Datta, and D. Mukherjee, J. Chem. Phys. 110,6171(1999).
2. J. Pittner, P. Nachtigall, P. Carsky, J. Masik, I. Hubac, I. J. Chem. Phys. 110,
10275(1999).



COMPUTER-AIDED SYNTHESIS OF
MULTIREFERENCE COUPLED CLUSTER
METHODS CODE

Mgr. Jifi Brabec

Magr. Jifi Pittner Dr. rer. nat.

The implementations of the most methods in quantum chemistry are based on numerical
solving of equation systems. It means large number of operations and long computation time.
Therefore the implementation must be optimized and, if possible, parallel. Because of their
complexity, advanced high accurate QCH methods have to be implemented automatically,
not by hand. With an automatic code synthesis, it is possible to perform various optimizations
of the calculation and test several approaches to the solution.

Multireference coupled clusters methods belong to the most accurate quantum chemical
methods. When these methods include higher term of the cluster operator, the source code
can be very difficult to write by hand and optimization. Now, the state specific multireference
Brillouin-Wigner coupled cluster method with contributions from single and double excitations
has been implemented to the NWCHEM package. Next step is extending this implementation
for higher contributions and implementing new MR CC methods.



FULLERENE AS A REDOX MEDIATOR
IN AQUEOUS MEDIUM

Ing. Jana Buli€kova

Doc. RNDr. Lubomir Pospisil, CSc.

Fullerene (Cg) is soluble in aprotic solvents and can be reduced in six
consecutive one-electron redox steps yielding very reactive redox states of Ceo.
The creation of an inclusion complex of fullerene enables the reaction of Cg in
aqueous medium. Encapsulation of Cgo in the cavity of cyclodextrin yields
sufficient solubility of the resulting complex in the aqueous medium and at the
same time the redox character of Cggis preserved [1, 2, 3].

We report on the electrochemical conversion of gaseous dinitrogen to ammonia
at ambient pressure and 60°C mediated by reduced fullerene inside a molecular
cavity of y-cyclodextrin in aqueous solution [4].

Our cyclic voltammetric experiments show that the reduced fullerene form of
Ceo> of the [Ceo-(YCD)2] complex mediates the N, reduction to ammonia. The
formation of NH; was confirmed by the preparative electrolysis performed under
nitrogen atmosphere and at the electrode potential of the second redox step
i.,e. at -1.2V. The fixation reaction required elevated temperature of 60°C.
Electrogenerated ammonia was detected by photoacoustic, high-resolution IR
spectroscopy and UV-Vis spectroscopy. Major part of ammonia is retained in the
solution probably bound in the cyclodextrin cavity. The experimental evidence
favors the catalytic pathway, most probably through the dissociation mechanism.

This work was supported by the Grant Agency of the Academy of Sciences of the Czech
Republic (A400400505 and KJB400400603) and the Ministry of Education (LC510 and
COST 0C140).

[1] Anderson, T.; Nilson, M.; Sundahl, M.; Westman, G.; Wennerstram, 0.
J. Chem. Soc., Chem. Commun. 1992, 604-606

2] Kutner, W.; Boulas, P.; Kadish, K. M. J. Electrochem. Soc. 1992,
139, 243C (Abstr. Soc. Meeting, St. Louis, May 1992, 659FUL).

[3] Priyadarsini K. I., Mohan H., Tyagi A. K., Mittal J. P.: J. Phys. Chem. 98, 4759
(1994).

[4] Pospisil L., Bulickova J., Hromadova M., Gal M., Civi§ S., Cihelka J., Tarabek J.:
Chem. Commun. 2270 (2007).



HETEROGENEOUS CATALYSTS FOR
PALLADIUM CATALYSED COUPLING
REACTION

RNDr. Jan Demel

Prof. Ing. Jifi Cejka, DrSc.

Palladium-catalyzed coupling reactions are well established as efficient and
reliable tool for the construction of new carbon-carbon bonds. One of the
challenges in this field is the development of highly active heterogeneous
catalysts. Many research groups study new ways of preparation of simple
supports that would not only bind palladium species but also stabilize palladium
active species during the reaction. This target could be achieved by modification
of solid material by donor groups such as phosphine, sulfanyl or various nitrogen
containing groups.

In our work we have prepared series of mesoporous molecular sieves modified
by pendant amino groups and treated those materials with palladium(ll) acetate.
The series comprises from already in the literature reported groups (catalysts |,
[, IV and VI) with some newly prepared ones (catalysts |l and V). Catalysts were
tested in the model Heck reaction of butyl acrylate with bromobenzene to give
butyl cinnamate. The reactions were done under microwave irradiation at 165 °C

in N,N-dimethylacetamide.

;SiWNHZ ;SiWNH/\N/\/NHZ ;Si\/\/NH/\NHZ
catalyst | catalyst I r\ﬁz catalyst Ill

AN AN NI A

;Si\/\/NEtg ;SiWNH/\NEtZ ;Si\/\/N\ =
catalyst IV catalyst V catalyst VI

The most active were catalysts |, V and VI having conversions after 30 minutes
84, 90 and 94 %, respectively. The amount of leached palladium during the
reaction was lowest for catalyst V. Catalyst V can also be recovered by simple
filtration and reused but the achieved conversion was only 34 %. This decrease
in the activity can be attributed to the growth of palladium nanoparticles during
the reaction as documented by X-ray powder diffraction and HR-TEM.



CHARAKTERIZACE VYBOJE V
ATMOSFERE METHANU A HELIA
POMOCIi CASOVE ROZLISENE
SPEKTROMETRIE S FOURIEROVOU
TRANSFORMACI

Bc. Martin Ferus

g Doc. RNDr. Svatopluk Civis, CSc.

Casové rozlisena FT spektrometrie spojuje vyhody klasické metody (zejména
Siroky  spektralni rozsah a vysoké rozliSeni) s casovym méfenim
v mikrosekundovych krocich. V ramci jednoho méfeni tak ziskavame soubor
Casové rozliSenych spekter v Sirokém Casovém i spekralnim rozsahu. V blizké
infradervené oblasti od 2000 cm™ do 4000 cm™ bylo s rozlisenim 0,05 cm™
pomoci upraveného spektrometru Bruker IFS 120 HR zméfeno ¢asové rozliSené
spektrum modulovaného vyboje v pozitivnim sloupci v atmosféfe methanu a
helia.

Ve vyboji byla nalezena emisni spektra molekularnich radikald CH, C,,
atomarnich linii H, C a molekularniho vodiku. Na zakladé analyzy spekter byla
zkoumana molekularni dynamika reakci probihajicich ve vyboiji.

Z experimentalnich dat plyne, ze methan je srazkou s elektrony a heliem
v metastabilnim stavu destruovan az na uhlik a vodik. Radikaly CH rekombinuji
za vzniku acetylenu, ktery je dehydrogenovan az na radikal C,.

Fitovanim exponencidlniho vyhasinani radikali jsme obdrzeli experimentalni
doby Zivota jednotlivych Castic v plazmé. Tyto doby jsou vlivem vzajemnych
interakci jednotlivych specii v plazmatu odliSné od teoretickych hodnot nebo
hodnot naméfenych ve specialnich aparaturach, které nerespektuji kolizni
podminky ve vybojové plazmé.

Z intenzit linii He a radikalu CH jsme s €asovym rozliSenim stanovili vibracni,
rotacni a excitani teplotu. Z vysledk( jsme ur€ili, kdy systém dosahuje
termodynamické rovnovahy.



ANALYSIS OF v, BAND OF FCO;
RADICAL OBTAINED BY FTIR
SPECTROSCOPY

ing. Eva Grigorova

ing. Z. Zelinger CSc., Dr. S. Bailleux

FCO, radical belongs to significant atmospheric radicals, because it is probably
produced in the stratosphere by degradations of HCFCs and HFCs. It is the most
stable member amongst carboxy radicals of the type XCO, [X = H, F, CI, Br, |,
CF3, OCF3].

Radical FCO; is an asymmetric rotor with Ray's asymmetry parameter equal to
+(2).39. The radical FCO; belongs to C,v point group in the ground electronic state
X“Bo.

The v4 unperturbed, fundamental band of the FCO, radical in the ground electronic
state X?B, was measured by Fourier — transform infrared spectroscopy and its
infrared spectrum has not been fully analyzed till now. The v4 band is CO,
asymmetric stretching mode, b-type band with the center of the band in 1094.142
cm™.

The infrared spectrum of the v4 band is very dense, in which fine splitting of the ro-
vibrational levels occurs due to unpaired electron. More than 3300 ro-vibrational
transitions have been assigned. Rotational constants, quartic centrifugal
constants and fine constants of the first excited state have been determined by
detailed analysis for the first time.



.ROTATIONAL SPECTROSCOPY OF THE
Va5 V3, v4 AND v; BANDS OF THE
FORMALDEHYDE H,'2C'°0 IN THE
FREQUENCY RANGE 150 - 660 GHZ

Radmila Janeckova

Ing. Zdenék Zelinger, CSc.

Completely new rotational spectrum of H,CO in the 2', 3", 4' and 6" vibrational
excited states was investigated in Lille where the measurements were performed in
the millimeter and submillimeter region 150 — 660 GHz.

Formaldehyde is one of the most extensively studied molecule playing important role
in atmospheric chemistry, chemistry of combustions, photochemistry of the
troposphere etc. There are many reasons for its interest and also a reliable prediction
of the rotational spectra is important from spectroscopic, atmospheric and
astrophysical point of view. Formaldehyde is one of the most abundant and one of
the first polyatomic molecule detected in interstellar space (1968) and identified in
several cometary objects at submillimeter wavelengths — all its isotopic species have
been detected.

The spectrum between 150 and 660 GHz was measured in Lille with a millimeter-
wave source-modulated spectrometer using backward-wave oscillators (BWO) as a
source and a He-cooled InSb bolometer as a detector. The frequency accuracy of the
measurements is generally estimated to be better than 30 kHz. The formaldehyde
was freshly prepared before the measurements — powder of CH,O was heated on
200 °C to get a gas phase reaction product.

One of the aims of the present study is a more complete description of the
microwave spectrum in the excited vibrational states for possible astrophysical
applications. The Cologne database involves only rotational spectrum within ground
vibrational state for various isotopic species of formaldehyde and this study will

contribute to this database by new lists of rotational lines in the excited states V,, Vs,
V4 and Vg in the millimeter-wave and submillimeter-wave region.



PHOTOCATALYTIC DECOMPOSITION
OF FATTY DEPOSITS ON ORGANIZED
MESOPOROUS LAYERS OF TiO-

Ing. Vit Kalousek

Ing. Jifi Rathousky, CSc.

At present we counter the consequences of the extensive soiling of the external
surfaces of building structures in municipal cities. Another very important general
issue in a vast range of technologies is the requirement to render the surface of a
number of products self-cleaning or at least easy-to-clean. Such a distinguished
property would substantially enhance the utility value of the products and would
improve the cleanness of the environment and the quality of life. One of the
promising possibilities how to solve this task is to cover their surface with a
photocatalytically active layer.

We have shown that mesoporous layers of TiO, are especially effective in the
decomposion of liquid or solid layers of fatty deposits. The mesoporosity ensures
fast transport of O, and H2O, which are viable for the photocatalytic degradation
of deposits. This transport is often significantly hindered by the compact layer of
the dirt. Typically such layers are 200-500 nm in thickness and their pore size
ranges from 6-8 nm.

We have performed a systematic study into the photocatalytic decomposition of
thin layers of oleic acid. This compound is a suitable model substance because
of its ability of netting and low volatility. Further it is contained in a number of
products of everyday life and has been suggested as an international standard
for testing the photocatalytic activity. We have found that mesoporous layers of
TiO, are able to remove oleic acid or to convert it to highly h%/drophilic
compounds by illumination with weak UV light (power of 1 mW/cm®). These
hydrophilic compounds are easy to wash-off. Furthermore even high molecular
weight products of carbonization of oleic acid at 200 °C were
removed/transformed within 24 hours of illumination.



VZNIK ORGANICKYCH MOLEKUL
INICIOVANY PROCESY
O VYSOKE HUSTOTE ENERGIE
V METHANOVYCH ATMOSFERACH

Bc. Michal Kamas

Doc. RNDr. Svatopluk Civis, CSc.

smési jednoduchych plynu. Tento jejich vznik je iniciovan procesy o vysoké
hustoté energie, které maji simulovat dopady mimozemskych téles do planetarni
atmosféry.

Jodovy laser PALS (Prague Asterix Laser System), je jedineCnym zdrojem
energie, protoze poskytuje energie stovek joull v pulsech kratSich jedné
nanosekundy. Do smési CH4-N,-D,0, bylo akumulovano 30 takovych laserovych
pulzu.

Nestabilni Castice vznikajici pfi laserovém pulzu byly sledovany pomoci optické
emisni spektroskopie, byla zjisténa pfitomnost C, a CN radikalu. Stalé produkty
v plynné fazi byly po ozafeni smési detegovany infraervenou absorpéni
spektroskopii s Fourierovou transformaci, kterou jsme dokazali pfitomnost
kyanovodiku a acetylenu. DalSi analyzou plynné faze byla aplikace metody
proudové trubice s vybranymi ionty, touto metodou byla potvrzena pfitomnost
kyanovodiku i acetylenu, dale bylo detegovano dalSich vice nez 10 organickych
sloucenin.



ELEKTROCHEMICKE STUDIUM
INTRAMOLEKULARNICH
REDOX REAKCI
2,2-DINITROETHEN-1,1-DIAMINU
V APROTICKEM PROSTREDI

Radana Kocianova

Doc. RNDr. Jifi Ludvik, CSc.

Mezi vyznamné organické molekuly s vice redox centry, jejichZ vzajemné interakce hraji
skutecné kliCovou ulohu v jejich vlastnostech, jsou vybusniny. Moderni vybu$niny jsou z
hlediska redox déju velmi pozoruhodné latky. Jde zpravidla o molekuly, které nesou
silné oxidativni a soucasné i silné reduktivni centra. Aby mohly pracovat za nepfistupu
kysliku, jejich Zadanou reakci neni hofeni, ale intramolekularni 4 NO-
redox déj, kdy je molekula sama sebou zoxidovana, resp. =

zredukovana za vzniku plynnych produktd. Jejich vyvoj spolu

s uvolnénym teplem pak predstavuje divod ucinnosti téchto

latek. HzN N':’:
Jeden z hlavnich sméri vyvoje vybusnin je v dneSni dobé

hledani takovych sloucenin, které maji vysoky vykon a sou€asné nizkou citlivost k
narazu. Mezi tyto vybusniny mizeme zaradit i FOX-7 (2,2-Dinitroethen-1,1-diamin), ktery
byl poprvé syntetizovan vroce 1998. | kdyZz byla tato latka jiZ podrobné testovana
z hlediska svych explozivnich vlastnosti, detailngjSimu studiu jejich chemickych
vlastnosti (v€etné elektrochemického chovani) dosud nebyla vénovana pozornost.
Dostupna literatura se zabyva zejména otazkami jeji syntézy, ktera zatim zUstava
velkym problémem. Praktické vyuziti této latky je z toho divodu dosud vzdalené. O to

ktery je velmi vhodny elektrochemicky pfistup.

Naplni moji dosavadni prace bylo nejprve charakterizovat elektrochemicky tuto latku
v aprotickém, tedy bezvodém prostiedi. Zabyvala jsem se nejprve jeji redukci za vyuziti
standardnich  elektrochemickych metod (dc-polarografie, cyklicka voltametrie,
preparativni elektrolyzy a coulometrie). Ackoli redukce dvou nitroskupin pFedstavuje
u béznych nitrolatek spotfebu minimalné osmi elektrond, tato latka se v aprotickém
prostfedi na rtutové kapkové elektrodé redukuje pouze ve dvou jednoelektronovych
krocich, které navic vykazuji znamky reverzibility. Tyto reakce jsou vSak doprovazeny
mnozstvim naslednych reakci, jejichz detailni mechanismus bude naplni dalSiho studia.
V kazdém pfipadé vSak Ize Fici, Ze elektrochemicka redukce neprobiha
~Stechiometricky, pfijem elektronu molekulou je zfejmé& pouze startovacim
mechanismem fady intramolekularnich déji, které vlastné predstavuji ,zpomalenou
explozi“. Pravé vznik pouze plynnych produktd by mohl byt vysvétlenim skuteénosti,
pro€ ani po opakovanych preparativnich elektrolyzach za rdznych podminek nebyl
dosud identifikovan Zadny organicky produkt.



MICROWAVE SPECTROSCOPY
OF RADICALS

Ing. Lucie Kolesnikova

prof. RNDr. Stépan Urban, CSc.

A participation of radicals in chemical reactions, atmospheric processes, and the
interstellar medium is well known. Thus their high resolution spectra (e.g.
microwave spectra) are useful or even indispensable to monitor these species, to
understand the mechanisms of chemical reactions and composition of the
various environments.

Since radicals are usually short-lived, it is desirable to generate them inside the
cell during the spectroscopic measurements. In our experiment, a pyrolysis of a
suitable precursor was used. Many transition lines of other molecular species
were observed in our spectra. Therefore the identification of the radical lines was
supported using an external magnetic field affecting only the radical species by
the molecular Zeeman effect.

In this study, the rotational spectra of two radicals (fluoroformyloxyl radical FCO,-
and fluorosulfate radical FSO3-) were measured using the Prague millimeterwave
spectrometer. These radicals are of the atmospheric interest, for example the
FCO,- radical may be produced by stratospheric degradations of HCFCs and
HFCs. Both the radicals contain one unpaired electron and one nucleus with
nonzero spin that cause the fine and hyperfine splittings of the rotational levels.
The measured rotational spectra with these effects were analyzed in terms of the
matrix elements of rotational, fine and hyperfine Hamiltonians. An interesting
feature observed in the fluorosulfate radical rotational spectra was a significant
A+-A; splitting that is manifested by a measurable doubling of K = 3 transitions.

The radicals FCO, and FSOj3; were measured in the frequency regions
130 — 242 GHz and 93 — 280 GHz, respectively. The set of rotational, centrifugal
distortion, fine and hyperfine constants was derived from obtained transition
frequencies.



CASOVE ROZLISENA FT
SPEKTROSKOPIE VYBOJE
VE SMESI He - C;N,

Bc. Petr Kubelik

Doc. RNDr. Svatopluk Civis, CSc.

Metoda Casové rozliSené spektroskopie s Fourierovou transformaci byla pouzita
pro ziskani spekter ¢astic vznikajicich v elektrickém vyboji ve smési He — C,No.
Pouzité experimentalni nastaveni poskytuje spektralni rozlieni 0,025 cm™ a
Casové rozliSeni 1 ys. Béhem jednoho méfeni bylo zaznamenano 30 Casové
posunutych spekter.

Ve smési He a C2N, byl generovan CN radikal. Emisni Casoveé rozliSena spektra
umoznila detekci nékolika novych elektronickych past CN radikalu, které nebyly
dosud pozorovany. Jedna se o prechody mezi A%l — X22* v molekule CN.

Vzhledem k tomu, Ze v minulych letech byly analyzovany vibra¢né rotacni
prechody CN v zakladnim stavu (X?*) pro rtizné vibraéni stavy (aZ do v = 10),
byli jsme schopni analyzovat i elektronické pfechody mezi stavem A.

A-X elektronické pfechody spolecné s vibracné rotaCnimi pasy CN v zakladnim
stavu byly zméfeny v oblasti 1800 aZ 9000 cm™'. Dohromady bylo analyzovano 7
past 0-3, 1-4, 2-5, 4-7, 5-8 a 6-9, Av = 3 sekvence.

Casové rozlisena FT spektroskopie umoznila separaci dlouze Zijicich vibraénich

past v zakladnim elektronickém stavu od kratce zijicich elektronickych
prechodd.

Dale byly ziskany experimentalni zavislosti emise CN, C,, N, C a He na Case.
Tyto zavislosti byly proméfeny pro rizné energetické pfechody. Na jejich zakladé
bylo mozné stanovit experimentalni doby Zivota vychozich energetickych hladin.
Analyzou intenzit spektralnich linii byly stanoveny rotacni, vibracni a excitacni
teploty a jejich Easovy vyvoj béhem vyhasinani vyboje.

Na zakladé casové rozliSenych experimentalnich dat bylo mozné studovat
dynamiku jednotlivych relaxacnich procesu a jejich vzajemnou posloupnost.



SYNTHESIS AND CHARACTERIZATION
OF TNU-9 AND SSZ-74 TYPE OF
ZEOLITES

Ing. Martin Kubu

4 Prof. Ing. Jifi Cejka, DrSc.

Zeolites and crystalline molecular sieves are unique porous solids because of
their catalytic properties as well as sieving characteristics. These materials have
found a wide range of commercial applications, especially in hydrocarbon
conversions, gas drying and separation, and recently in fine chemical syntheses.
Although many different zeolites and related materials have been revealed and
their use is well established, there is still interest in searching for novel zeolite
structures. It might contain new types of pores, ensuring improvement of current
technologies by giving enhanced selectivities in these processes and also to
facilitate entirely new processes based on shape selectivity properties.

My PhD thesis is focused on the syntheses of novel TNU-9 zeolite and SSZ-74
using linear di-quarternary alkylammonium ions as structure-directing agents
(SDAs). These SDAs are not commercially available and have to be synthesized.
Synthesized zeolites were characterized by X-ray powder diffraction, scanning
electron microscopy, nitrogen adsorption isotherms and FTIR spectroscopy.

TNU-9 was synthesized under hydrothermal conditions at the expense of a
lamellar precursor over a very narrow range of SiO/Al,O3 and NaOH/SiO; ratios
and in the presence of 1,4-bis-(N-methyl-N-pyrrolidinium) butane and Na* ions as
SDAs.

High silica molecular sieve SSZ-74 (SiO,/Al,O3 ratio greater than 100) using a
1,6-bis-(N-methyl-N-pyrrolidinium) hexane as SDA was synthesized under
hydrothermal conditions in fluoride media.

Both materials with 10 member ring channel system seem to exhibit high
hydrothermal stability as well as acidity showing unique properties.

Further study will be centered on the characterization of porous system of these
zeolites and they will be tested mainly in n-butene skeletal isomerization and
toluene alkylation with isopropyl alcohol.



THE BINDING OF PROTHROMBIN TO
THE SUPPORTED PHOSPHOLIPID
MEMBRANES

Mgr. Anna Kutakowska

Doc. Dr. rer.nat.Martin Hof, DSc.

Prothrombin is a vitamin-K dependent proenzyme abundant in blood, acting in
the blood coagulation cascade. The interaction of coagulation factors with the
phopsholipid membranes is of paramount importance for haemostasis.

In the current project, study the binding of bovine prothrombin to Supported
Phospholipid Bilayers (SPBs). The binding studies are performed by the Two-
Color Fluorescence Correlation Spectroscopy (FCS) method. The analysis of
FCS data yields the dissociation equilibrium constants for prothrombin binding to
phospholipid membranes of different phosphatidylcholine content.

In the study of the kinetics we also endeavor to employ the concept based on the
newly developed technique of Fluorescent Lifetime Correlation Spectroscopy
(FLCS).



INTERACTION OF o-HELICAL
PEPTIDES WITH PHOSPHOLIPID
BILAYERS STUDIED BY MODEL

PEPTIDE LAH,

Mgr. Radek Machan

Doc. Dr. rer.nat.Martin Hof, DSc.

a-helixes are among the most frequent secondary structures of peptides
interacting with biological membranes (so called membrane-active peptides) and
membrane binding domains of proteins. Membrane-active peptides have
received a lot of interest thanks to their important biological functions including
potent antibiotic activity (antimicrobial peptides — AMPs). Due to the complexity
of biological membranes, model systems (like supported phospholipid bilayers —
SPBs or large unilamellar vesicles — LUVs) allowing controlled variations of
properties are very convenient for such studies. Charge and hydrophobicity are
important determinants of membrane-activity in peptides. Therefore, B.
Bechinger designed a model peptide LAH; whose charge can be varied by
changeﬁ] in pH. This results in changes in peptide orientation with respect to the
bilayer.

In the present study, effects of LAH4 on phospholipid bilayers at different pH
values were studied by several optical methods. Its influence on the lateral
mobility of lipids within an SPB and on the stability of LUVs suspensions were
characterized by fluorescence correlation spectroscopy. Changes of hydration
and local viscosity within the bilayer following changes in orientation of peptide
molecules were measured by solvent relaxation technique. Results obtained for
the model peptide provide deeper insight into the interaction of a-helixes with
phospholipid bilayers and will be useful for understanding results of experiments
with novel a-helical AMPs.

[1] Bechinger B. J. Mol. Biol. (1996) 263: 768-775.



CHARACTERIZATION OF
HIGH - PREASSURE GLOW
DISCHARGE IN SUPERSONIC
RADICAL SOURCE

Mgr. Milan Masat

Mgr. Ondrej Votava, Ph. D.

Molecular radicals are highly reactive species which play important role in broad
range of chemical reactions in atmosphere. They play important role in
decomposing organic pollutants in troposphere, in nitrogen oxides chemistry or in
tropospheric ozone generation. Knowledge of physical and chemical properties
of these molecules is important for understanding these atmospheric processes.

Due to their high reactivity, molecular radicals have to be generated and studied
in-situ. In our experiment the radicals are produced by stable precursor
dissociation in an electric discharge followed by a supersonic expansion into
vacuum. This method can create a molecular beam with a high concentration of
internally cooled molecular radicals.

The main goal of our work is the characterization of molecular free radical
production in a high pressure glow discharge with subsequent supersonic
expansion. We develop methods for generation of specific radicals and their
characterization with a high-resolution laser spectroscopy.

In our present development we have observed two-mode behavior of the
discharge properties in dependence on the carrier gas pressure. We have also
observed that this behavior heavily influences radical generation. Detailed
experimental characterization of this phenomenon and its theoretical modeling
will be presented.



PHOTOCHEMISTRY OF HYDROGEN
HALIDES ON SMALL WATER
PARTICLES

Milan Oncéak

RNDr. Petr Slavicek, PhD.

N

Chemistry of the polar stratosphere has witnessed a large increase of interest in
last three decades, mainly in connection with discovery of the Antarctic ozone
hole. The exceptional chemistry of the polar stratosphere region results due to
the unique meteorology: During the winter, polar vortex develops, stays relatively
isolated in the stratospheric region and allows building up of the photochemically
active products. In particular, polar stratospheric clouds (PSC) are formed and
many atmospheric species (e.g. HCI, HBr, CIONO,, HNO3) are adsorbed on their
surface. In the following heterogeneous reactions, halogen molecules X, are
produced. These are then photolyzed during the polar summer, producing
halogen radicals which catalyze ozone cleavage.

Photochemistry of the HCI and HBr molecules on the water clusters (H>0),
(n = 500) has been recently investigated by photodissociation experiment in
group of Dr. Michal Farnik in J. Heyrovsky Institute: Water clusters were doped
with one HX molecule, excited by a 193 nm laser and kinetic energy distribution
of the dissociated hydrogen atoms was measured. In this way, photochemical
behavior of hydrogen halides on PSC may be explored under well-defined
conditions.

In this study, photochemistry of small HX(H2O), (X = F, CI, Br; n = 1-5) clusters
has been investigated by methods of theoretical chemistry. Acidic dissociation in
the ground state was described by the quantum chemical calculations; electronic
absorption spectra were modeled employing multi-dimensional reflection
principle; finally, photodynamics of the clusters was investigated by quantum ab
initio molecular dynamics.

Based on the theoretical results, experimental findings can be interpreted. It is
suggested that electronic absorption in 193 nm region strongly increases after
the acidic dissociation of hydrogen halide on the water particle. After the
excitation, charge transfer to solvent takes place and formed halogen radical is
released from the cluster. From the electronic absorption spectra calculations
and atmospheric photon flux data, this alternative source of reactive Cl and Br
radicals is shown to be of comparable importance to direct photolysis of Cl, and
Br, molecules (with photolysis rate ratio about 1:20 and 1:10, respectively).



NANOPARTICLES STUDY IN
MOLECULAR BEAMS - PYRROLE,
IMIDAZOLE AND PYRAZOLE
CLUSTERS

Bc. Vaclav Profant

Magr. Michal Farnik, Ph. D.

Pyrrole, imidazole and pyrazole molecules are one of the simplest heteroatomic
compounds with great biological relevance. They are basic elements of many
important biological structures, e.g. photosynthetic dyes (chlorophylls,
phycobilisomes), oxygen carriers (hemoglobin, myoglobin), amino acids (proline,
hydroxyproline, histidine) and their derivatives (histamine, indole), and are also
structurally close to the bases of the nucleic acids.

A low luminescent quantum yield explained by rapid internal conversion is typical
for these molecules. This is an important biological consequence since the
photon energy dissipates and molecule is not susceptible to the potentially
harmful reactions in excited states.

Thanks to this properties pyrrole, imidazole and pyrazole attracted a lot of
attention of both theoreticians and experimentalists. They have been studied by
various methods of optical and laser spectroscopy and their structures computed
by methods of ab initio calculations with purpose to find an interpretation of their
UV absorption spectra and after-excitation dynamics. However, this research
was focused on single molecules, so it didn’t cover influences of solvent on
photolysis.

In our experiment we prepare molecular beams containing clusters of observed
molecules. Clusters means bulks of particles connected together by weak bonds
like hydrogen or Van der Walls’ bonds. Molecular beam is created by supersonic
expansion of gas into vacuum. By using elastic collisions with secondary beam
and consecutive velocity selection we are able to create beam with clusters of
certain size.

Clusters are studied using several methods. In the scattering experiment we
examine their fragments after electron impact ionization and determine the
structure of clusters. In the photodissociation experiment we study UV photolysis
of clusters and measure their mass spectra and kinetic energy distribution of
hydrogen fragments, witch gives us information about dissociation paths.



ACYLATION OF CYCLOHEXENE AND
1-METHYLCYCLOHEXENE WITH
ORGANIC ANHYDRIDES OVER
ZEOLITES

Ing. Dana Prochazkova

Prof. Ing. J. Cejka DrSc.
Ing. M. Bejblova PhD.

&

Acylation of olefins with carboxylic acid derivatives is an interesting reaction and
resulting unsaturated ketones are versatile intermediates in the preparation of more
elaborated compounds. But, olefin acylation was not yet satisfactorily applied in
organic synthesis, in contrast to the analogous acylation of aromatics. The problem is
that acylation of olefins is the consequence of the formation of reactive intermediates,
which undergo different transformations by reactions as additions, eliminations and
isomerizations. Friedel-Crafts acylation is a reaction, in which an active and selective
heterogeneous catalysts could replace the conventional homogeneous system.
Zeolites have been found to be viable alternatives to liquid acids in numerous
reactions in recent years.

This work is aimed to study the acylation of cyclohexene and 1-methylcyclohexene
with organic anhydrides over zeolites. The effect of the chain length of the anhydride
in cyclohexene acylation over zeolite Beta with Si/Al ratio 37.5 was studied. In
addition, the effect of the structure and Si/Al ratio of zeolite on the activity and
selectivity in acylation of cyclohexene and 1-methylcyclohexene with propionic
anhydride was investigated.

Catalytic tests were carried out in a liquid phase in a multi-experiment work station
StarFish at temperature 80 °C and atmospheric pressure. Acetic, propionic, butyric,
isobutyric, caproic, and 2-ethylbutyric anhydrides were used as acylating agents.
Zeolites Mordenite, Beta and USY with different Si/Al ratio were employed as
catalysts. Reaction products were analyzed by gas chromatography and mass
spectrometry.

It was found that with increasing chain-length of acylating agent cyclohexene
conversion decreases. The decrease in the conversion is probably due to a decrease
in the diffusivity of bulky products obtained with increasing molecular size of
anhydride. Cyclohexene conversions decreased in the order: acetic 82 % > propionic
78 % > butyric 69.3 % > hexanoic 69.3 % > isobutyric and 2-ethylbutyric 63 %.
Cyclohexene acylation resulted in the formation of a,3-unsaturated ketone. Reaction
is complicated by the formation of side products, [,y-unsaturated ketone,
cyclohexylester of carboxylic acid, diacylcyclohexene and acylcyclohexylester of
carboxylic acid. Acylation of 1-methylcyclohexene prefentially takes place in the
allylic position. Methyl substituent prevents subsequent reactions. The highest
conversions were achieved over zeolite Beta with Si/Al ratio 37.5 with propionic
anhydride (cyclohexene conversion 78.7 %, 1-methylcyclohexene conversion 60.7
%). Selectivities to cyclohexylethyl ketone were up to 45 % (40%cyclohexene
conversion). Selectivities to ethyl-(3-methylcyclohex-2-en-yl) ketone were about 90 %
(40%1-methylcyclohexene conversion).



THE ROLE OF CRYSTAL SIZE ON
OXIDATIVE DEHYDROGENATION OF
PROPANE OVER Fe-ZSM-5

Mgr. Naveen Kumar Sathu

Ing. Zdenék Sobalik, CSc.

Catalytic oxidative dehydrogenation of propane by N,O (ODHP) over Fe-zeolite catalysts
represents a potential process for simultaneous functionalization of propane and utilization
of N,O waste as an environmentally harmful gas. The isolated Fe sites stabilize the atomic
oxygen formed and prevent its recombination to a molecular form, and facilitate its transfer
to a paraffin molecule. A major drawback of Fe- zeolites in ODHP with N,O is their
deactivation by accumulated coke, leading to a rapid decrease of the propene yield.

N>O-mediated Oxidative dehydrogenation of propane has been studied over a series of
Fe/ZSM-5 catalysts. The effect of crystal size on the ODHP has been investigated using
parent zeolite samples having size 100nm, 1X2um, 1x3um, and 3x6um. Fe/ZSM-5
catalysts were prepared with the same iron content using impregnation method followed
by steam treatment. The steam treated or un-treated catalysts displayed different catalytic
activities in N,O decomposition and ODHP. Results show that the nano-sized ZSM-5
zeolite expressed superior catalytic activity and higher stability at longer time on stream
compared to micron-sized zeolites. The correlation between catalytic performance and
trend to deactivation caused by coke deposition has been further analysed using
temperature programmed oxidation (TPO) of spent catalysts. TPO results shown that coke
deposition significantly depend on the crystal size of the parent zeolite. Similar propene
yields, same catalytic profiles of fresh and regenerated catalysts show that hydrothermal
treatment and regeneration of spent catalysts in presence of oxygen stream does not
change the local environment of iron species. Among all the catalysts tested the nano-
sized ZSM-5 zeolite exhibits higher resistance to deactivation by pore blockage compared
to the micron-sized ZSM-5 zeolites. The advantage of the nano-size ZSM-5 zeolite has
been attributed to its shorter channels and higher relative number of pore mouth openings
which could: (i) suppress diffusion limitation for reactants, (ii) decrease retention of desired
products in zeolite channels and thus eliminate consequent reactions, (iii) decrease pore
blocking compared to the micro-sized ZSM-5 zeolites. The comparable propene yield over
the fresh and repetitively regenerated samples shows practical potential for regeneration
of a spent catalyst.



THE SUB-MILLIMETRE WAVE
SPECTROSCOPY OF THE C.S RADICAL

Ing. Jan Skfinsky

Ing. Zdenék Zelinger, CSc.; Dr. Stefan Bailleux

The spectrum of the linear C,S radical in its ground electronic state (°%") has been
measured in the sub-millimetre wave region in PhLAM laboratory in Lille.

The C,S radical is an interstellar specie occurs in the TMC-1, TMC-2, SGR B2 and
IRC sources. This radical plays an important role in the chemical formation of the
dark clouds.

In the laboratory the C,S radical was generated in a DC glow discharge using a
CSy/Ar mixture cooled with a flow of liquid nitrogen. The sub-millimeter wave
radiation was provided by two phase-locked backward-wave oscillators. A liquid
helium-cooled InSb bolometer was used as detector. More than forty rotational
transition frequencies have been recorded between 426 GHz — 659 Ghz spectral
region. Line profiles have been evaluated by using of non-linear regression function
and by the Pearson profile function.

Results of the measurement are a basis for the determination of molecular constants.
The future step is the prediction for astronomical detection in 1 THz spectral region.
The combination of laboratory measured spectra together with the astronomically
observed frequencies of C,S radical lead to better understanding of carbon and sulfur
chemistry of the interstellar molecular clouds.



STUDIUM PRODUKTU TERMALNIHO
ROZKLADU POLYETHYLEN
TEREFTALATU METODOU VYSOCE
ROZLISENE SPEKTROSKOPIE
S FOURIEROVOU TRANSFORMACI,
SELECTED ION FLOW TUBE MASS
SPECROMETRY A PLYNOVOU
CHROMATOGRAFIi

Bc. Kristyna Sovova

Doc. RNDr. Svatopluk Civis, CSc.

Prumyslova produkce polyethylen tereftalatu (PET) ma za posledni desetileti
vzrustajici tendenci. Mnozstvi pouzitého a nevytfidéného plastu konci na skladkach,
ve spalovnach nebo domacich topenistich. Je proto velmi dulezité zjistit, jaké latky
vznikaji pfi spalovani a rozpoznat jejich Ucinky na lidské zdravi a Zivotni prostredi
jako celek.

V této praci byly spaleny vzorky PET materialu ve specialnim spalovacim zafizeni,
které odpovida némecké normé DIN 53 436 pfi teplotach 500°C, 800°C (v proudu
vzduchu). Bylo provedeno také nekontrolované spalovani, které neodpovidalo
normé. Plynné produkty byly analyzovany tfemi rdznymi analytickymi metodami:
vysoce rozliSenou spektroskopii s Fourierovou transformaci (FTIR), selected ion flow
tube mass spectrometry (SIFT-MS) a plynovou chromatografii s hmotnostni
spektrometrii (GC-MS). Oxid uhliCity, methan, ethylen, acetylen, formaldehyd a
acetaldehyd byly detegovany metodou FTIR. Voda, methan, acetaldehyd, ethylen,
formaldehyd, methanol, aceton, benzen, kyselina tereftalova, styren (ethenylbenzen),
ethanol, toluen (methylbenzen), xylen (dimethylbenzen), ethylbenzen, naphthalen,
biphenyl a phenol byly kvantifikovany pomoci SIFT-MS a GC-MS. Produkty
nekontrolovaného spalovani byly analyzovany pouze metodou FTIR, ktera umoznila
rozligit rotaéné-vibraéni strukturu past formaldehydu (2779,90 a 2778,48 cm™) a
propanu, ktery byl identifikovan diky charakteristické vibraci CH3 skupin pfi 2977,00
a 2962,00 cm’™".

Vysledky této studie ukazuji, Zze nekontrolované hofeni v proudu vzduchu vede k
formovani produktl, které jsou podobné produktim vznikajicim pfi kontrolovaném
hofeni za teploty 500 °C. P¥i teploté 800 °C vznika predevs§im oxid uhli¢ity, voda a
teZ8i uhlovodiky o niZSi koncentraci nez v pfipadé 500°C.



ELEKTROCHEMICKE STUDIUM
INTRAMOLEKULARNICH REDOX
REAKCI 2,2-DINITROETHEN-1,1-

DIAMINU VE VODNEM PROSTREDI

Ludmila Simkova

Doc. RNDr. Jifi Ludvik, CSec.

Molekuly latek, které patfi mezi moderni primyslové vybusniny, musi mit z chemického
hlediska velmi specifické vlastnosti: aby mohly fungovat i za nepfistupu vzduchu, musi v
jedné molekule obsahovat jak silné reduktivni, tak i silné oxidativni centra. Pravé
interakce téchto dvou opacnych redox center v ramci jedné molekuly vede k
intramolekularni redox reakci, ktera - pokud je dostateCné rychla a pokud pfi ni vznikaji
plyny - se projevi velkym uc€inkem.

HaN NO2 Logicky vyvoj ve vyzkumu vybu$nin je hledani novych
explosiv, které by mély vysoky vykon a nizkou citlivost vlci
iniciaci. Jednou z takovychto latek, ktera byla poprvé
syntetizovana v r.1998, je organicka sloucenina 2,2-dinitroethen-

H.N NO, 1,1-diamin. V literatufe je Casto oznacovana jako FOX-7. Jiny
nazev, se kterym je mozno se utéto slouCeniny setkat, je

zkratka DADNE, neboli 1,1-diamino-2,2-dinitroethylen, nékdy zkracovano na DANE.

Tyto molekuly jsou zajimavé vSak nejen z hlediska praktického pouziti, ale zejména z
hlediska zakladniho vyzkumu molekul s vice redox centry. Velmi pozoruhodna - zejména
z hlediska redukéniho mechanismu - je zde zejména kombinace dvou snadno
redukovatelnych geminalnich nitroskupin se dvéma aminoskupinami, které dohromady
vytvafi elektronovy "push-pull" delokalizovany systém.

Protoze se ale souCasné jedna o potencialni vybusninu, mechanismus fetézce redox
reakci béhem exploze je velmi slozity, navic prakticky nezkoumatelny. Jednou z
moznosti, jak se pokusit tuto fadu reakci zpomalit, pfipadné zastavit a tim nahlédnout do
zpusobu iniciace a do sledu jednotlivych krokd muze byt pravé elektrochemicky pfistup.

Redukce ve vodném, tedy protickém prostfedi ma zde ten vyznam, Ze mechanismu
intramolekularnich redox reakci (vedoucich k jakémusi "zpomalenému vybuchu" v
nadobce) konkuruje vnéjSi protonizace a tedy redukce spojena s hydrogenaci. To se
projevilo tim, Ze zatimco polarografické experimenty odhalily v celém rozsahu pH osm
redukénich déju s celkovou spotfebou 18 elektrond na jednu molekulu FOX-7,
preparativni elektrolyza vedouci k uplné konverzi vykazala pouze spotiebu Sesti, resp.
Ctyr elektronu.

Pozoruhodné jsou i dalSi ziskané vysledky, jako napf. zavislost vzajemného poméru
limitnich proudl na koncentraci latky, nebo otazka produktd elektrolyz.



AB INITIO CALCULATIONS WITH SINGLE-
REFERENCE AND BRILLOUIN-WIGNER
MULTIREFERENCE COUPLED
CLUSTERS METHODS

Bc. Libor Veis

Magr. Jifi Pittner Dr. rer. nat.

The single-reference coupled clusters (CC) method is nowadays one of the most
commonly used ab initio methods. The main reasons for this fact are its reliability and
accuracy. Especially coupled cluster single double (CCSD) and coupled cluster single
double (triple) [CCSD(T)] methods are very wide-spread and used by computational
chemists as ,black box" tools.

Single-reference methods however fail in the situations where the static correlation is
important (description of dissociation, diradical species etc.). In these cases, use of
multireference methods, which correctly describe static correlation, is necessary. One of
the things in which we are interested in our laboratory is the development and
implementation of new multireference coupled clusters methods concretely
multireference Brillouin-Wigner coupled clusters (MR BWCC) methods.

In my lecture, the results of calculations performed in terms of my diploma thesis at the
Charles University will be presented.

First system, which will be discussed, is the molecule of boron nitride (BN). This
molecule is due to the multireference character of its lowest-lying singlet state suitable
for testing of performance of newly developed multireference methods. The results of
calculations of singlet-triplet separation and vibrational frequencies and anharmonicities
of two lowest-lying electronic states performed with different kinds of MR BWCC
methods will be presented and critically compared with experimental data and available
results of other ab initio methods.

Second system is a set of fused small-ring hydrocarbons from Balaji and Michl's paper’.
These improbable-looking structures were studied mainly by means of single-reference
CCSD(T) method. The existence of local minima on potential energy surfaces was
proven at this level of theory and several spectroscopic characteristics (IR, Raman and
NMR spectra) were calculated. Thermal isomerization of one of the structures
(tricyclo[2.1.0.0%°|pentane) studied by means of CASPT2, MR BWCCSD and MR
BWCCSD(T) methods will also be presented.

References:
1Balaji, V.; Michl, J. Pure Appl. Chem. 1988, 60, 189-194.



SYNTHESIS OF ACYLFERROCENE
DERIVATIVES BY FRIEDEL-CRAFTS
ACYLATION OVER ZEOLITES

Josef Vik
prof. Ing. Jifi Cejka, DrSc.

Derivatives of ferrocene, especially ferrocenylenones (FCNs), are important starting
materials for the synthesis of polymers. FCNs are used as dienophiles in Diels-Alder
reactions and as dipolarophiles in 1,3-dipolar cycloaddition reactions. Syntheses of
hetero- and carbocyclic-ferrocene derivates are also based on the use of FCNs.

Syntheses of FCNs are carried out in different ways. Common method is Friedel-
Crafts acylation reaction. This method is successfully employed in the syntheses of
adamantanoyl-, cinnamoyl-, and 4-chlorbenzoylferrocene using homogeneous
catalysts. In the case of ferrocene acylation with acryloyl chloride using AICI; as the
catalyst reaction usually resulted in the formation of corresponding ferrocenophan-1-
one.

The preparation of non-symmetrical ketones by the reaction of acyl chlorides and
ferrocene in the presence of zeolite catalysts is described. Friedel-Crafts acylation of
ferrocene was carried out in a Heidolph Synthesis 1 (16-parallel reactor) in a liquid
phase under atmospheric pressure, at the reaction temperature of 140 °C. As
acylating agents were used chlorides of acryloic, adamantanoic, 4-chlorbenzoic,
cinnamoic and benzoic acid and anhydride of benzoic acid. Zeolites BEA, MFI and
USY with different Si/Al ratio were used as catalysts.

This way of preparation of ferrocene derivatives is alternative method for
conventional homogeneous catalysis. The higher pore size of zeolite was used, the
higher conversion of ferrocene was found due to faster transport of reactants to
active sites and products from channel system. The conversion was also influenced
by the reactivity of acylating agents. The highest ferrocene conversion was achieved
with bonzoyl chloride and lowest with 4-chlorbenzoyl chloride.



EXPERIMENTAL AND THEORETICAL
STUDY OF Cr AND Fe
AMINOCARBENE
COMPLEXES

Radka Zvérinova

Ing. Stanislav Zalis, CSc.

A series of Fischer-type carbene complexes (with electrophilic character of
carbene carbon atom “M - C%R,) was studied experimentally by
electrochemical (polarography, cyclic voltammetry) and spectroscopical (IR and
UV-Vis) methods. Formulas of the complexes are shown below, R = OCH3;, CHj,
H, Cl, COOCHgs, CFs.
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Experimental results were influenced by various factors: by the central metal
nature and its coordination number, by the phenyl ring substitution, by bonding
possibilities of ligands. Electrochemical methods were found to be the most
sensitive to structural changes.

Optimized structures, MO energies, vibrational analyses and excited states were
calculated using Gaussian 03 program package and hybrid B3LYP functional.
The excited state calculations were performed by TD-DFT and solvent effect
was described by a continuum polarized model CPCM.

Correspondence between calculated results and experimental data was very
good for redox potentials and IR frequencies while some additional refinement
was necessary for UV-Vis spectra.

Acknowledgement: This work was supported by the GA AV CR (grant No. IAA
400400813) and COST D35.





