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A large majority of readers is likely to consider electron-
driven chemistry as an exotic field of questionable relevance
and usefulness — and it is true that it is of little use as a syn-
thetic tool for fine chemicals. It does play a major role in
a surprisingly wide range of natural and man-made environ-
ments, however. In the gas phase it is the principal channel of
chemical change in plasmas, both natural such as found in the
interstellar space and the upper atmospheres of planets, and
technological, such as those used to provide reactive inter-
mediates in many production steps in microelectronics.

Electron-driven chemistry is also found in condensed
state. Examples are radiation damage to living tissue, impor-
tant for radiation therapy, and the recent technology to pro-
duce nano-sized devices by EBID — electron-beam induced
deposition. The present study is concerned with isolated
molecules, but gas phase data are often used in the simulation
of condensed phase. The list of examples is far from being
exhaustive — electron-driven processes are important in
plasma-disinfection, cleaning, modification of surface proper-
ties, toxic waste disposal, satellite propulsion, electron-beam
induced polymerizations, lighting and other applications.

An interesting point is that the research field in its mod-
ern form was founded to a large degree by George Jiti Schulz,
originally from Brno, who then did his research at Westing-
house and at Yale University in the United States'. The author
had the privilege to learn the techniques in Schulz’s labora-
tory at Yale (albeit after his premature death).

The research in Fribourg continues in Schulz’s spirit of
evaluating the fundamental principles and mechanisms of
electron-induced processes on isolated molecules and on
measurement of high quality quantitative electron-molecule
scattering data. Substantial progress has been achieved. The
techniques have been greatly refined and a number of new
phenomena were discovered or are now much better under-
stood.

Often they involve processes at low energies (called
threshold phenomena)® and/or polyatomic molecules. Meas-
urement of experimental data extending down to low energies
(about 0.1 eV), covering a wide angular range (for inelastic
processes 0°—180°), and in particular measurements of quan-
titative, absolute cross sections are emphasized.

The theory of electron-induced processes is very strong
in the Czech Republic’, emerging from the long Czech and
Slovak tradition of quantum chemistry and the primarily ex-
perimental work in Fribourg has often been carried out in
cooperation with one of the Prague theory groups. The talk
will concentrate on these fruitful cooperations, including
highly precise nonlocal resonance model calculations on dia-
tomic molecules®, and the innovative theory permitting calcu-
lations even on large polyatomic molecules’. The interesting
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case of formic acid dimer (also in focus of interest of Czech
quantum chemists®) which represents the first step in the tran-
sition from isolated molecule to condensed phase will be
mentioned’.
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Fig. 1. Dissociative electron attachment spectra of ethanol-d,

Finally, a chemically interesting phenomenon often
encountered in electron-induced dissociation, is state selecti-
vity. This means, that different excited states of the interme-
diate negative ion resonance, prepared by electrons of differ-
ent energies, show different dissociative patterns®. The course
of the reaction can thus be influenced by selecting the propper
energy of the incident electrons. An example is shown in
Fig. 1 where the lowest Feshbach resonance, *(n,3s%), is capa-
ble of breaking the O-H bond, but not the C-O bond®. This
obserxgiation is general, found in all alcohols and ethers studied
so far®.

This work was supported by grant 200020-113599/1 of the
Swiss National Science Foundation and by COST Action
CM0601
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We present precise values of nuclear magnetic dipole
moments obtained from combination of ab initio calculations
of NMR shielding constants and corresponding experimental
nuclear magnetic resonance frequencies measured in gas
phase.

Widely accepted values of nuclear magnetic dipole mo-
ments' measured in 1960s and 1970s by NMR techniques
contain systematic error which originates from rough approxi-
mation of NMR shielding constants used in derivation proce-
dure. Order of magnitude of this error, as was showed in our
work?, is approximately 10~ y for light nuclei and probably
even larger for heavy nuclei.

The procedure of nuclear dipole moment re-
measurement is illustrated on example of nuclear magnetic
dipole moments of boron isotopes '°B and ''B based on new
gas-phase NMR experiment and precise ab initio calculations
of NMR constants in BF; molecule’. Coupled cluster calcula-
tions of NMR shielding constants in BF; molecule are pre-
sented — including vibrational corrections, temperature correc-
tions and relativistic corrections estimated as difference be-
tween relativistic Dirac-Hartree-Fock and corresponding non-
relativistic Hartree-Fock values of NMR  shielding constants.
Gas-phase resonance frequencies of boron measured in BF;
molecule were extrapolated to zero density which corresponds
to single molecule and the need of theoretical description of
interaction induced chemical shift was avoided.

Accurate values of nuclear magnetic dipole moments
could lead to alternative standardization of NMR spectro-
scopy” or to better comparison of hyperfine splitting experi-
ments with QED theoretical predictions’.
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Singletové §tépeni je ddvno zndmy proces, v némz chro-
mofor excitovany do singletového stavu sdili excita¢ni energii
se sousednim chromoforem v zakladnim stavu tak, Ze oba
skon¢i excitovany do stavu tripletového. Kdyby bylo mozno
oba excitované chromofory pouZit k ptenosu elektronu neza-
visle na sob¢, mohl by tento proces byt uzite¢ny ve slunec-
nich ¢lancich, protoze by zvysil jejich uéinnost asi o polovi-
nu. V pfednasce bude diskutovan problém vybéru vhodnych
chromofort a jejich vzajemné interakce. V krystalu 1,3-di-
fenyliso-benzofuranu byl pozorovan kvantovy vytézek az
150 % tripletu.

41L-04
EPR A UV-VIS-NIR SPEKTROELEKTROCHEMICKE
STUDIE KOORDINACNYCH ZLUCENIN
OBSAHUJUCICH MED, NIKEL ALEBO ZINOK

V ROZNYCH OXIDACNYCH STUPNOCH

PETER RAPTA

Ustav fyzikdlnej chémie a chemickej fyziky, Fakulta chemickej
a potravinarskej technologie, Slovenska technicka univerzita,
Radlinského 9, 812 37 Bratislava

peter.rapta@stuba.sk

Komplexy prechodnych prvkov tvoria v oblasti materia-
lového vyskumu klIicovt tlohu pri stadiu aktivneho centra
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katalyzatora, ale tiez pri modelovych sustavach biologickych
systémov. V praci je prezentovany prehl'ad niekol’koroéného
vyskumu Struktry a reaktivity paramagnetickych medzipro-
duktov pre sériu komplexov prechodnych prvkov s doérazom
na aplikaciu spektroskopickych metéd (EPR, UV-vis-NIR
spektroskopie) a elektrochemickych technik (cyklicka voltam-
pérometria). Vyznamna pozornost’ je venovana prenosu nabo-
ja na komplexy prechodnych prvkov a stabilite novo vzniknu-
tych redox stavov.

Aplikacia EPR spektroskopie ako mimoriadne citlivej
techniky pri elektrochemickych studiach je vhodna hlavne pre
systémy, kde sa paramagnetické Castice s nesparenym elektro-
nom tvoria priamo v priebehu elektrodovych reakcii. Na dru-
hej strane oxidacno-redukéné a optické vlastnosti koordinac-
nych zluc¢enin, ktoré su tizko spojené s ich elektronovou struk-
tarou, mézu byt vyhodne Studované vyzitim cyklickej volt-
ampérometric a optickej absorpénej spektroskopie. UV-vis-
NIR spektroskopia je vyznamnou spektroskopickou techni-
kou, dnes Siroko vyuZzivanou na charakterizaciu optickych
vlastnosti ako aj reakcii koordina¢nych zlucenin tak vo vy-
chodzom stave, ako aj pocas ich elektrochemickej oxidacie
resp. redukcie.

Pri sledovani redox dejov vodivych polysalénov typu
poly(N,N-etylén-bis-(salicylideneiminato)Cu(I)), A, pomo-
cou in situ EPR, UV-vis a FT-IR-ATR spektroelektrochémie,
pripravenych anodickou oxidaciou, sa dokazala pritomnost’
antiparalelnej interakcie paramagnetického centra Cu(Il)
s kladne nabitym polaronickym polysalénovym ret'azcom
v polyméri'. Charakteristicky §iroky EPR signal elektro-
aktivneho poly(Cu(ll)-salénu) zanika pri elektrochemickej
oxidacii, pricom sa sucasne pozoruji charakteristické polaro-
nické prochody polysalénu v UV-vis spektrach.

In situ EPR/UV-vis-NIR cyklovoltampérometrické $ta-
die pri réznych teplotach modelovych koordina¢nych zltcenin
modrych proteinov, ako napr. [Cu'(bite)|BE; a [Cu"(bite)]
(BF4), (bite — bifenyldiimino ditioéter), B, v acetonitrile
poukazali na chemicky vratné procesy, pricom relativne kom-
plikované voltampérometrické odozvy je mozné vysvetlit’
aplikaciou dvojcestnej $tvorcovej redox schémy. Pri spektroe-
lektrochemickych experimentoch v oblasti nizkych teplot (77
K) sa potvrdila tvorba metastabilného pseudo-tetraedrického
[Cu"(bite)]*" medziproduktu indikujiuceho preferenény prenos
elektronu na pseudo-tetraedricky [Cu'(bite)]” ako pociatoény
krok?.

Najnovsie vyskumy boli zamerané na $tidium kom-
plexov medi a niklu (MePh;P)[M(bdt),] s oxida¢nym cislom
tri pomocou voltampérometrickych a spektro-elektro-
chemickych technik so zameranim na UV-vis-NIR a EPR
spektroskopiu s cielom ozrejmit’ redox reakcie tychto zluce-
nin v roztoku®. V ostatnych rokoch sa komplexy s S,S-
ligandami typu ditiolatov stali vel'mi zaujimavymi latkami pre
vedu a vyskum. Dévodom je ich potencialne pouzitie v prie-
myselnej chémii ako supravodice, pesticidy, Zivice a prepina-
&e farby pre IC spektroskopiu, latky s nezvy&ajnymi magne-
tickymi vlastnostami a tiez pre ich vyuzitie ako biokatalyza-
tory v biochémii. Medzi takéto komplexy patria aj skuma-
né benzén-1,2-ditiolaty (bdt), €, so vieobecnym vzorcom
R[M(bdt),], ktoré obsahuju rozne aménne a fosfoniové deri-
vaty ako kationy (R). Ziskala sa databdza oxidacno-
redukénych potencidlov pre skimané komplexy vzhladom
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k vnitornému $tandardu ferocénu tak pre redukciu ako aj pre
oxidaciu. Postdili sme aj reverzibilitu redoxnych dejov Studo-
vanych koordinaénych zlu€enin v organickych rozpustadlach.
Pri in situ spektroelektrochemickych UV-vis-NIR $tadidch sa
podarilo namerat’ redukované formy komplexov v roztoku.
Pomocou EPR spektroskopie bol analyzovany komplex Ni™,
pricom sme pozorovali jednoduchy singlet bez Stiepenia indi-
kujtci delokalizaciu spinu, respektive procesy s prenosom
naboja.

Tato prdca vznikla za podpory grantov APVV-0093-07
a VEGA 1/0018/09.
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A well-balanced combination of quantum Monte-Carlo
techniques (QMC) and medium accuracy quantum chemistry
(CAS-SCF) techniques are used to obtain energies at selected
points on the potential energy surfaces of a photoswitchable
molecule, azobenzene, along the torsion pathway (CNNC
dihedral angle), in the ground and first excited singlet states.
The size of the molecule with about hundred electrons pre-
cludes use of highly correlated quantum chemistry methods.
We study the excitation energies of well separable cis- and
trans-conformers, and energy of transition state located at
90°. By a careful QMC optimization of the Slater-Jastrow
wavefunction with a modest number of up to 500 determi-
nants from CAS-SCF expansion, chemical accuracy is ob-
tained. In particular, we provide radically new insights into
the structure and convergence properties of fermion nodes of
the trial wave function, which appear as the only practically
and fundamentally important barrier in achieving absolute
accuracy. The quality of obtained results is remarkably high
and enables to confirm the experiments'? within chemical
accuracy and, in addition, the predictions are reliable enough
to identify experimental values which appear to be biased by
experimental data analysis limits"2. Our results clearly outper-
form all the available quantum chemistry results such as
CAS-SCF, CAS-PT2 (ref’*™), as well as DFT results with
proper spin symmetry taken into account (ROKS)®. The com-
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bination of QMC, with medium accuracy quantum chemistry
methods, enhanced by methods to characterize and control the
convergence of the fermion nodal surfaces, provide a key to
overcoming the fixed-node bias for ground and excited states
in large molecular systems which are out of reach of more
traditional correlated methods based on basis sets.
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Fotochemicka nestabilita niektorych farmaceutickych
pripravkov mdze pri ich aplikacii viest' k vzniku neprijem-
nych vedlajsich G¢inkov u pacientov a technickych problé-
mov pri manipuldcii s lie¢ivami. Na druhej strane schopnost’
farmaceutickych preparatov a lieciv po fotoexcitacii genero-
vat velmi reaktivne medziprodukty (hydroxylovy radikal,
superoxidovy radikalovy anion, singletovy kyslik) sa vyuziva
pri destrukcii nadorovych buniek fotodynamickou terapiou.
Jednym z takychto lie¢iv je kamptotecin (CPT), ktory sa po-
vodne ziskal zo stromu Camptotheca accuminata rasticeho
v Cine, kde ho poznali aj pod menom ,,xi — shu® (strom §t’as-
tia), priCom extrakty vyuzivali najmd na liecbu nadorovych
chordb zaZivacieho traktu'. Viaceré prechodné prvky maji
biogénny charakter (napriklad Zelezo, med’) a su schopné
tvorit’ komplex s CPT. Je zname Ze, pritomnost’ idnov prvkov
zvySuje efektivitu tvorby radikalov. Z toho dévodu sme $tu-
dovali mechanizmus radikalovych reakcii CPT s Cu(II).

In situ fotochemické pokusy komplexu Cu(II)/CPT (1:1)
v DMSO roztoku (ozarovanie systému priamo v dutine EPR
spektrometra) pri monochromatickej excitacii (A = 365 nm)
ukdézali, ze dochadza k exponencialnemu poklesu EPR signalu
Cu(Il) pri laboratornej teplote, ktory mozno vyjadrit’ formal-
nou kinetickou rovnicou 1. poriadku a ktory je spdsobeny
redukciou Cu(Il) na diamagnetické iony> Cu(l). V inertnej
atmosfére mozno pozorovat’ rychly pokles signalu okamzite
po zaciatku ozarovania, avsak pritomnost’ kyslika sa prejavuje
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existenciou indukénej periddy v trvani 3 minat. Rychlost
poklesu EPR signalu Cu(Il) je zavisla od koncentracie kyslika
v danom roztoku. Pri ozarovani Cu(Il)/CPT v pritomnosti
kyslika a DMPO (5,5-dimetyl-1-pyrolin N-oxid) sa pocas
indukénej periddy dokazal vznik superoxidového radikalové-
ho aniéonu. Kedze exciticia systému Cu(II)/CPT viedla
ku vzniku volInych organickych radikalov, snazili sme sa
identifikovat’" radikdlové medziprodukty vznikajuce pocas
ozarovania aplikaciou EPR techniky spinovych lapacov
DMPO a ND (nitrézodurén).

Pri oziareni CPT v DMSO roztoku v pritomnosti spino-
vého lapaca ND sme pozorovali vznik jedného aduktu, ktory
sme priradili "ND-CHj; aduktu. Metylovy radikéal vznika prav-
depodobne reakciou hydroxylového radikalu s DMSO:

(CH3)2$O + .OH — .CH3 + CH3SOzH

Hydroxylovy radikal je produktom fotochemickej exci-
tacie CPT, pri¢om s vysokou pravdepodobnostou pochadza
z lakténového kruhu® CPT.

Ak oziarime systém, kde je pritomny ako spinovy lapaé
DMPO, dochadza ku vzniku komplexnej$icho spektra. Okrem
naadovaného metylového radikdlu (adukt *DMPO-CH;) sa
pozoruju d’alSie signaly, ktoré mozno priradit’ aduktu *DMPO-
OR, ktory pravdepodobne patri rozstiepenému lakténovému
kruhu. Pomer aduktov *DMPO-CH;/"DMPO-OR je priblizne
1:2. Okrem tychto dvoch signalov vznika v nizkej koncentra-
cii treti, uhlikom centrovany radikal.

Pri fotochemickych reakciach v pritomnosti kyslika
mobze dojst’ ku tvorbe singletového kyslika, ktory je omnoho
reaktivnejsi ako kyslik v zdkladnom stave (tripletovy kyslik).
Na identifikaciu 'O, sa vyuziva selektivna reakcia s 4-
hydroxy-2,2,6,6-tetrametylpiperidinom (TMP), ktory sa reak-
ciou so singletovym kyslikom oxiduje na stabilny nitroxylovy
radikal 4-hydroxy-2,2,6,6-tetrametylpiperidin-N-oxyl
(TEMPOL, obr. 1). EPR spektrum tohto radikalu® tvori cha-
rakteristicky triplet s pomerom intenzit 1:1:1.

OH OH

H,C QCH* 0, H,C ch
N N
HC | O HC | O
b
T™P TEMPOL

Obr. 1. Vznik radikilu TEMPOL reakciou TMP a singletového
kyslika

Vysledky EPR studia potvrdili, Ze v systéme dochadza k
prenosu energie z excitovaného CPT na molekulovy kyslik za
vzniku singletového kyslika. Oziarenim DMSO roztoku CPT
dochadza k tvorbe hydroxylového radikalu, singletového
kyslika a v pritomnosti kyslika aj k superoxidovému radikalu.
Nizkoteplotné EPR pokusy potvrdili, Ze medzi CPT a Cu(II)
dochadza ku vzniku slabého komplexu. Pri ozarovani Cu(II)/
CPT je tvorba hydroxylového radikdlu potlacend a vznikaju
uhlikom centrované radikdly, pochadzajice z rozstiepenia
laktonového kruhu CPT. Ziskané vysledky naznacuju, ze
oziareny kamptotecin je vhodnym kandidatom na jeho testo-
vanie ako potencidlneho fotosenzitizéra pre fotodynamickt
terapiu nadorov.
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Popular coupled clusters singles, doubles and perturbat-
ive triples (CCSD(T)) method represents one of the most
trusted and routinely used methods for obtaining highly accu-
rate energies, geometries and numerous molecular properties
for ‘well-behaved’, single-reference (and single determinant)
systems. Its popularity originates mostly from its exceptional
accuracy/computational demands ratio. Nevertheless, its ap-

plicability is still, due of the N7 ( NiNé, o — occupied, v —
virtual orbitals) scaling with the system size, rather limited.

Two different, but compatible approximations towards
the large scale CCSD(T) calculations with controlled accu-
racy are discussed. The first one, Cholesky decomposition
(CD) of the AO integrals allows the elimination of the storage
bottleneck of the CCSD(T) calculations, while the second
one, optimized virtual orbital space (OVOS) method, allows
reducing of the number of active virtual orbitals. To exploit
fully the advantage of both approximations, a novel CCSD(T)
implementation' in MOLCAS program package?, utilizing the
idea of full segmentation of the computed intermediates and
massive parallelization, were introduced. As the result of this
complex methodology, the limits of applicability of the CCSD
(T) approach has been significantly extended to systems with
up to 100—150 correlated electrons and up to 1000—1500 vir-
tual orbitals.

This methodology was successful applied in, for in-
stance, pair-** and many-body’ noncovalent interactions of
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the DNA bases and 7-n stacking model systems®’ or the elec-
tron affinity of the uracil molecule®.
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