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Welcome Address
at The Third Forum EMR-PL, Krakéw, 23-25 June 2014

Professor Czestaw Rudowicz,
Chairman, Polish EMR Group

Honoured Guests, Ladies and Gentlemen:

It is a great pleasure for me, on behalf of ther€dwof the Polish EMR Group and the Local
Organising Committee, ably headed by Prof. Zbigréaka to welcome you to the Third Forum
EMR-PL organized under the auspices of the PoldR Esroup [PG EMR].

We all appreciate very much the hard work and dsgaional efforts of our colleagues in
Krakoéw. which have brought this Forum to fruitidram pleased that this Forum is hosted by
the Jagiellonian University, the historically firghiversity in Poland. The special occasion
of the 650 anniversary of establishment of theelkgiian University add special importance
to the Third Forum EMR-PL. | believe that this Forumay play an important role in
enhancing the present strong leadership role wRloland of the EMR research groups based
in Krakow.

Continuing with the spirit of the First Forum in é&d6w and the Second Forum in Hucisko, this
Forum is open to all participants involved in EM&Sic research and applications. The main aims
are to bring together as many EMR (EPR/ESR & FMRAMRE spectroscopists working in
Poland as possible as well as to promote andt&eilcollaboration among the Polish EMR
community. | am confident that the scientific pieogrof the Il Forum EMR-PL will satisfy most
of the participants. | am also sure that the Fowilinhelp uniting EMR spectroscopists from alll
over the country. As usual the most important mdrtany conference is to meet fellow
researchers. It may be hoped that the opportunitypérsonal discussions provided by this
meeting will be fully utilized.

| would also like to invite all participants, irgective of their present status of membershipen th
Polish EMR Group, to join us at the General Mee(@lyl) of the Society, to be held during the
Forum. A whole range of topics of interest to thieole EMR community will be discussed.
Hence, your votes and opinions are of great impogtaas they may shape the future course of
events.

My sincere thanks go to all members of the Locayjabising Committee, especially Prof.
Zbigniew Sojka, the LOC Chairman, and his teamtHeir dedicated work to make the Ill Forum
EMR-PL a successful meeting. Support from the SieiCommittee in nominating the invited
speakers and maintaining the high standard ofRbisim is also much appreciated. | wish to
express our gratitude to all sponsors for themrfeial support, especially Faculty of Chemistry,
Jagiellonian University (JU), and co-organizers tbe 1l Forum EMR-PL: Faculty of
Biochemistry, Biophysics and Biotechnology, JU, dfRaculty of Physics, Astronomy and
Applied Informatics, JU. Thanks are due to all &pem and participants, who by attending this
meeting have helped to make this Forum a greaessicc

May | wish you all an enjoyable and stimulating esipnce at the Forum.

Thank you.

Czestaw Rudowicz

Founder President, Asia-Pacific EPR/ESR Socestaplished in Hong Kong, 1997
Chairman, Polish EMR Groug$tablished in Rzeszow, 2010
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12.40-13.00 Magnetic transformation in Heusler NiMnIn alloys
13.00 - 14.30 |Obiad
MagComp - Sesja teoretyczna i spektroskopii komputewe]
Wykiad plenarny - Czestaw Rudowicz
14.30 - 15.15 |EMR related problems at the interface between tysal field
Hamiltonians and the zero-field splitting spin Haomnians
Wyktad - Danuta Kruk
1515 - 1545 Spektroskopia ESR i 2H NMR - podoh#&wa i r@nice
Komunikat - Piotr Pietrzyk
15.45-16.05 |Interpretacja molekularna parametrow widm EPR zaqm
relatywistycznych obliczeDFT
16.05 — 16.25 Komunikat - Maciej Witwicki
' ' Application of theoretical methods to g matrix digsphinyl radicals
Komunikat - Mariusz Rado
16.25 — 16.45 Stany spinowe metali praejowych i ich znaczenie dla proceswpania
' ' tlenku azotu (NO). Modelowanie metodami DFT i opanitna funkciji
falowej
16.45-17.15 |Zebranie PG-EMR
17.15-18.30 |Sesja posterowa / przerwa kawowa
19.30 Kolacja konferencyjna




sroda, 25 czerwca
Sesja biologiczna

Wyktad - Matgorzata Komorowska

9.00-9.30 Jak informacje uzyskane z widm znacznikéw spinowyahwalaj na
interpretacgt zjawisk zachodgcych w btonach biologicznych

9.30 — 10.00 Wyktad - Kazimierz Dzilhski .

' ' EPR spectroscopy of the reduced forms of Fe-ponpsyr
10.00 — 10.20 Komunikat - Katarzyna Gatecka
' ' Aktywacja trombocytow — pomiary metadnacznikow spinowych

Komunikat - Dariusz Man

10.20 - 10.40 |Wplyw rozpuszczalnikdw niepolarnych na dynamiczhaseiwosci bton
liposomoéw. Badania EPR
Komunikat - Matgorzata Dutka

10.40 - 11.00 |Continuous wave and pulse EPR study of magnetcantions of Rieskie
cluster in rhodobacter capsulatus cytochrome bcl
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11.20-11.50 |Melanin - An unique biological redox system. EPR afectrochemical
investigations
Komunikat - Martyna Elas

11.50-12.10 Three-dimensional imaging of murine tumors usindgREMRI and US
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12.10-12.30 |Dynamika warstwy powierzchniowej bton lipidowychodel
komputerowy i badania EPR

12.30 — 12,50 Kor_nun_ikat- Maria Jerz_ykigwicz - o _
Zwiazki kompleksowe jonow metaligikich z semichinonami
Komunikat - Antonina Chmura-Skifiska

12.50 - 13.10 | The characterization of factors influencing thenfation of theg=2 signal
in EPR spectra of animal blood

13.10-13.30 |Zamknkcie konferencji

13.30 -15.00 |Obiad

Zwiedzanie Muzeum Uniwersytetu Jagielléaskiego Collegium Maius
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Wyktad plenarny
EPR W WYSOKICH CZESTOSCIACH | SILNYCH POLACH
MAGNETYCZNYCH

Jerzy Krzystek

National High Magnetic Field Laboratory, Florideaf University, Tallahassee, FL 32310, USA
e-mail: krzystek@magnet.fsu.edu

W swojej prezentacji dokonam przedli technik eksperymentalnych znanych pod
0golm nazwa ,EPR w silnych polach” (andhigh-field EPR skrot: HFEPR). Jak postaram
Sic pokazaé, bardziej wiaciwa nazwg techniki jest taka jak w tytule referatu: ,EPR wsekich
czestasciach i silnych polach”.

HFEPR mana z praktycznego punktu widzenia podZietia dwie podstawowe
gakzie: spektroskopiczynnikag [12 i spektroskopi czynnikag # 2. Spektroskopia czynnika
g 0 2 stosuje si do uktadoéw spinowych, gdzie liczb& = 1/2. Przykladem as rodniki
organiczne lub defekty w ciele statym. Ten rodzaBPR stosuje sirowniez do
niskospinowych jonoéw metali pragjowych, ktdre posiadajjeden niesparowany elektron na
powtoce 3d, a tym samym ich catkowity spgrowniez wynosi 1/2. Przykladami takich
jonéw s, V(IV) (3dY) lub Cu(ll) (3d). We wszystkich tych przypadkach oczekiwany rensna
przypada w polu proporcjonalnym do zastosowanegtozci mikrofalowej v, B D hv / 2.
Oczywistym wgc — mana nawet rzec trywialnym — zastosowaniem HFEPR kicha
przypadkach jest uzyskanie zkszonej rozdzielczzi czynnikag, ktdra jest proporcjonalna
zaréwno do aogstdici, jak i pola, np. w przypadku bardzo niewielka)izotropii tensoray.
Rys. 1 pokazuje d@ niedawny (2011) przyktad zastosowania HFEPR doGiodenia
dwoch rodnikow tryptofanowych obecnych w biatku gaue, ré&zniacych se potozeniem
i uczestnictwem w vgzaniu wodorowym. Rodniki tryptofanowe charaktergzsig w ogolngci
bardzo niewielk anizotropa tensorag; koniecznym wgc bylo wycie czstaci sicgajacych 700
GHz i odpowiednio silnego pola 25 T [1], abyampia¢ rozdzielczé¢ ok. 75 ppm.
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Rys.1. Widma HFEPR dwdch rodnikéw tryptofanowychp(o8 i Trp48) obecnych w azurynie, otrzymane w
temperaturze 5 K i €atasci 695 GHz wraz z symulacjami [1].
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Duzo bardziej zajmujca jest spektroskopia HFEPR, gdzie efektywny caymniznacznie
rozni sig od wartgci 2. Przyczyny powstania warunkgys # 2 mog by¢ réznorodne.
Najczstsz z nich jest zjawisko rozszczepienia w polu zerowdang: zero-field splitting
ZFS), ktoére pojawia siw uktadach wysokospinowyctS(> 1/2), takich jak wiele jonow
metali przejciowych, np. V(Ill) (3d, S= 1) lub Co(ll) (3d, S = 3/2). ZFS w takich jonach
oshga znaczne warfoi, rzedu 1-100 cnAv, co powoduje,ze przejcia rezonansowe
rozrzucone g szeroko w dwuwymiarowej przestrzeni pole ¢estes¢. Przyklad takiej sytuacii
pokazuje Rys. 2, gdzie zebrangmoszkowe widma wysokospinowego niklu(ll) {38 = 1)
w kompleksie koordynacyjnym HBRuIm):NiBr (‘Bu = tert-butyl, Im = imidazol) [2]. Inne
przyczyny powstania warunkgss # 2 to rezonans ferro- albo antyferromagnetyczny jEq
rowniez oddziatywania anizotropowe w magnetycznych stakaamtowych [4].

l el 253
199

154
123

T —T—"7"—T—T—T—T—T7T—T—T—T—T]TTT
0 5 10 15 20 25

Magnetic Field (T)
Rys. 2. Proszkowe widma HFEPR kompleksu BB(m);NiBr w temperaturze 4.2 K i w zmiennych
czestasciach (podanych w GHz) oznaczonych na wykresie.ididarejestrowane sv formie absorpcyjnej

(a nie zwyczajowej pochodnej) z przyczyn instrurabmich. Parametry Hamiltonianu spinowego dla tego
kompleksu g nastpujace:S= 1,D = —2.49 crit, [E| = 0.54 ¢, g, = 2.22,9, =g, = 2.21.

Widma HFEPR w uktadach wysokospinowych, czyli wusylji gt # 2 s zazwyczaj bardzo
skomplikowane, szczegodlnie w przypadku widm prosalan (lub zamraonych roztworow).
W celu ich interpretacji niezwykle pomocne jestqpmowadzenie eksperymentu w twie
wielu czstaiciach, jak to pokazuje Rys. 2. Parametry Hamiltoniapinowego uzyskujecsi
nie z pojedynczych widm, a z tabeli rezonansow adadapcych poszczegolnym punktom
zwrotnym w funkcji czstasci, dopasowujc je do punktéw eksperymentalnych np. metod
najmniejszych kwadratow. Metede nazwalsmy ,EPR ze strojos czestascia” (ang: tunable-
frequency EPR[5]. Rys. 3 pokazuje jej zastosowanie do inteiguge proszkowych widm
HFEPR wysokospinoweg&E 3/2) kobaltu(ll).
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Rys. 3. HFEPR ze strojonaestcicia w proszkowym widmie odpowiadglym S = 3/2. Zalenoi¢ pola
rezonansowego od gztasci (lub energii kwantu promieniowania sub-THz) Btampleksu CoG[PPh), [6].
Kwadraty odpowiadajeksperymentalnym punktom zwrotnym. Krzywesgmulowane przyayciu
dopasowanych metadajmniejszych kwadratéw parametréw Hamiltonianmewego:D = —14.76 cmi, E|=
1.141 cm', g, = 2.166,9, = 2.1709, = 2.240. Znak parametid ustalono jako ujemny z symulacji widm w
konkretnych cgstasciach. Poszczegoélne gale rezonanséwasodpowiednio oznakowane. Prosta linia po

przekatnej pokazuje pozycje rezonansow gla 2.

W dalszej czsci referatu porusg problem, po co wikxiwie wyznacza si parametry
Hamiltonianu spinowego w przyktadach takich jak pgsze, a na koniec omogviechniczne
aspekty HFEPR, w szczegokoo zrodta czstasci sub-THz, detektory i systemy propagacji
fal oraz stosowane magnesy.
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Wyklad
MAGNETIC RESONANCE STUDY OF CO-MODIFIED (M,N)-TiO , (M=Fe(lll),
NI(I1) AND Co(ll))

N. Guskos? S. Glenid, G. Zolnierkiewicz®, A. Guskog, J. Typek’, P. Berczynskf,
D. Dolat®, S. Mozi& and A.W. Morawski®

'Department of Solid State Physics, University oheits, Panepistimioupolis, GR-157 84 Athens,
Greece

’Department of Physics, West Pomeranian UniversityTechnology, Al. Piastow 48, 70-311
Szczecin, Poland

®Department of Chemical and Environmental Enginggriwest Pomeranian University of
Technology, Al. Piastow 17, 70-310 Szczecin, Poland

e-mail: guskos@zut.edu.pl

The nM,N-TiQ (n=1, 5 and 10 wt.%; MFe(lll), Ni(ll) and Co(ll))) nanocomposites have
been prepared. The magnetic properties of (M,N)fi@hocomposites have been investigated by
FMR/EPR spectroscopy in 4-290 K range. The FMR tspeof magnetic nanoparticle
agglomerates were dominant in the whole temperatimge for all samples. In addition, the EPR
spectra of trivalent titanium ions were recordetbat temperatures. The highest concentration of
trivalent titanium ions was observed for n=1Co,ldJiand the lowest for n=10Co,N-TiO
sample. Concentrations of trivalent titanium ianfRience on the fotocatalytic properties
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Wyktad
ESR STUDY OF CONDUCTIVE CARBON MATERIALS

Maria A. Augustyniak-Jablokow?, Krzysztof Tadyszal, Roman StrzelczyR? Mariusz
Maékowiak?', Stefan Lijewski', Oleksiy Khavryuchenko®

YInstitute of Molecular Physics, Polish Academy afishices, M. Smoluchowski Str. 17, 60-179
Pozna, Poland

’NanoBioMedical Centre, Adam Mickiewicz Universitymultowska Str. 8, 61-614 Poznaoland
*Chemical Department, Kyiv National Taras Shevchebkuversity, 64 Volodymyrska Str., UA-
01601 Kyiv, Ukraine

e-mail: Maria.Augustyniak@ifmpan.poznan.pl

Most of the conductive carbon materials are builtlawge or small, flat or bent
graphene layers. When it is a common knowledge,sthey of electronic structure and
properties of the single graphene layers startég after discovering that such single layer
can exist as a physical object. Experimental aedrttical studies of graphene shed new light
on the properties of graphite as well as of theeiottonductive carbon materials. Here we
present an approach to the ESR study of these ialatbased on properties of graphene.

The origin of ESR signal of graphite are conductbectrons, which are present due
to overlapping of electron and hole energetic leveEbr the ideal graphene layers, studied by
conventional ESR method the only source of sigraal be localized edge states as the
conduction electrons should not be present undeditons of low magnetic field and
absence of electric field. However, the ideal dtrres do not exist and the real graphene is
less or more defected. The energy of defects, dsawef isolated zigzag edge states, is equal
or close to Fermi energy, and due to autodopingesemall density of delocalized electrons
appears in graphene. We studied the origin andeptiep of ESR signal observed for the
defected graphene by CW [1] and pulse [2] methdtiese studies allowed formulation of
following rules: i) conduction electrons are exaparcoupled with electron localized on
defects and despite two different sources of Eg§Rasionly single signal with lorentzian line
shape is observed; ii) the temperature dependdnsigral intensity depends on the ratio of
Curie paramagnetism of localized centers to Paalamagnetism of delocalized ones; iii)
when Curie susceptibility is much higher than Pawe (at low temperatures if density of
localized centers is low) the line width show lindéorringa type, temperature dependence;
iv) due to similar values of g-factors of localizatd delocalized centers the relaxation
processes have to be considered in the frame oéddasm theory, in so called bottle neck
regime.

Applicability of these rules were checked for vaisp ordered and disordered,
carbon materials, such as nanographite, anthratigder anthraxolites (known also as
Shungites of | type), and fully amorphous conduetbarbon.

We have found that the asymmetric, powder like aigri nanographite results due to
exchange averaging of g-factor anisotropy of cotidaocelectrons, that two signals in the
anthracite powder are due to grain size distrilmytibat paramagnetic susceptibility of single
conduction electrons localized and, thereforeaigal on a very small grains, has Curie-like
character. Finally we have found that relaxatiomet of conduction electrons are
proportional to the Curie—type contribution to ttwéal susceptibility of material, and this
means that an increase of concentration of loadlizenters decreases line width and
relaxation rate of delocalized electrons.
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Komunikat
UNUSUAL ELECTRON MAGNETIC RESONANCE EFFECT OBSERVED
IN Q BAND FOR HOPG
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Abstract

The Electron Magnetic Resonance (EMR) signal ofhHi Oriented Pyrolitic
Graphite (HOPG) and related carbons materials crora conducting electrons. It was
proved that conducting EMR technique is a local hodt which investigate electron
scattering properties. Obtained results can imphomogeneous spectra broadening due
to the signal which come from divers sample regiohglifferent diffusion time. The Q
band spectra suggest existence of exchange ini@malbetween spins on a nearest net
knot. These interaction can be interpreted as tectfe internal ferromagnetic field [1]
which lead to a triplet state with an anisotropioperties.
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Komunikat
OXIDATION STATE AND CONFORMATION OF COBALT
IN Pd- AND Zn- SUBSTITUTED LaCoO ; — ANEW CATALYST
FOR HYDROGEN PRODUCTION
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Among modern catalyst a La(Co,Pd)®perovskite is widely known as a potential “self-
regeneration” catalyst capable to limit precioustah@articles sintering under periodic
reduction/oxidation cycles [1]. Searching a catatpat supports the hydrogen production
as an alternative energy source the zinc subsinutiakes the compound La@ «Os.
12x capable to activate its production via the methateam reforming process [2, 3].
The proposed compounds effectively convert methamtal the carbon dioxide and the
hydrogen molecules at a level of about 100% andp&ratures about 600 K and the
highest CQ selectivity was achieved for the LaggPd oseZnoos Oss. Both the
temperature programmed reduction,{HPR) and the in-situ reduction up to 800 K
temperature EPR studies confirm the Co reducibilith increasing Zn content in the
studied perovskites. The EPR ex-situ Q-band measemés performed at 5 K after 1 h
annealing at 800 K in the air atmosphere show tved' §S=1/2) axial and non-axial
conformations that we assume to be a propertyeeélad the surface and the bulk. After
annealing the CB in the axial symmetry disappears while the?’Cim the non-axial
symmetry still persists. Our studies of magnetissnfgrmed on a SQUID magnetometer
equipped with the 5 T electromagnet reveal the sglass behavior with the 4T
temperature around 10 K depending on the compaositidhe experimental magnetic
moment is between 243 and 3ug for different composition and together with theREP
results proves the mixed 3+/2+ oxidation statethefcobalt.

Literature

[1] A. Eyssler, A. Winkler, O. Safanova, M. Nachéeg S. K. Matam, P. Hug, A. Weidenkaff and
D. Ferri, Chem. Mater., 2012, 24, 1864

[2] J. Kuc, M. Neumann, M. Ambruster, D. Ferri, Weidenkaff, S. K. Matam: Methanol steam
reforming over Pd and Zn substituted LaGp8" International Symposium of Intermetallic
Compounds in Catalysis, 19-20 June 2013, Chaniegcar

[3] R. Palo, R. A. Dagle, J. D. Holladay, Chem. R@007, 107, 3992

Acknowledgments:

M.W. would like to acknowledge to dr. Zdzistaw Kmyaski (on retirement for the Faculty of
Physics, Adam Mickiewicz University, PoznaPoland) for a valuable contribution in high
temperature EPR experiments.

25



Wyktady i Komunikaty lll FORUM EMR-PL 23-25.VI.2014

Komunikat
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Abstract

Single crystals of ErVQ were grown by the Czochralski method under ambient
pressure in a nitrogen atmosphere. Obtained csyst@re transparent with strong pink
coloring. EPR spectra were recorded as a functiadheoapplied magnetic field. Temperature
and angular dependences of the EPR spectra o&thglas in the 3—300 K temperature range
were analyzed applying both Lorentzian-Gauss appration for diluted one and mixed one
for dense magnetic medium.
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The figures present the angular dependences ohaase line positions measured when
crystal is rotating perpendicularly & b andc axis at low temperatures, respectively in two
cases: dense magnetic medium (left side) and dilui@gnetic medium (right side).
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ZASTOSOWANIE METODY ENDOR W BADANIACH BIOCZ ASTECZEK

Ryszard J. Gurbiel

Zaktad Biofizyki Molekularnej, Wydziat Biochemii,iBfizyki i Biotechnologii UJ
e-mail: ryszard.gurbiel@uj.edu.pl

Metoda podwdjnego rezonansu elektronoweggdrojvego 4czy ze sob czutas¢ me-
tody EPR z rozdzielczoia metody NMR. Metoda pozwala z jednej strony na roezesn
rejestragt sygnatdw pochodzych od ader oddziatujcych z niesparowanym elektronem, a
jednoczénie — dzigki mozliwosci selektywnego znakowania badanejsteczki— umazliwia
wybiorcz (selektywn) rejestragy sygnatdw pochodrych od pojedynczego atomu lub pre-
cyzyjnie zdefiniowanej grupygler.

W pierwszej cgsci omowione zostanpodstawy metody ENDOR, mechanizm powsta-
wania sygnatu cw ENDOR oraz procedury analizy wilBdiDOR stosowane w badaniach
struktury metalobiatek.

W badaniach EPR bioggteczek podstawawtechnilky badawcz pozostaje metoda
fali ciagtej w pamie X. W przypadku metody ENDOR powoduje to pewrabfemy w inter-
pretacji widma. Najbardziej oczywistym jest obe@nezerokiego sygnatu pochagego od
protonéw. ktéry bardzo esto interferuje lub przestania sygnaty pochadzod innychgder.
Innym mniej oczywistym problemem rm® by na przyktad rozrénienie pomgdzy
sygnhatami pochodzych od stabo spezonych protonow i silnie spgzonych pder azotu.
Omowione zostan modyfikacje klasycznej metody ENDOR, ktére prowadin przezwy-
cigzenia tych problemow: pomiary metpdali ciagtej w wyzszych pasmach mikrofalowych
lub (i) pomiary metodami impulsowymi.
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EPR OF NANO-CARBONS

Woijciech Kempinski*, Damian Markowski', Mateusz Kempinski?

Ynstitute of Molecular Physics, PAS, M. Smoluchoiggo 17, 60-179 Pozna
“Faculty of Physics, A. Mickiewicz University, Umaliska 85, 61-614 PozfigPoland

e-mail: wojkem@ifmpan.poznan.pl

Evolution of EPR spectrum for different carbon nanaterials as fullerenes,
fullerides (Go, AxCso) [1,2], carbon nanotubes (CNTs) [3] and activatadbon fibers (ACFs)
[4,5] will be characterized. Important, from theingoof view of molecular electronics, spin
and charge carrier localization phenomenon stufiedhese materials will be discussed.
Results of supported experimental techniques, aBl,SHRTEM, STM and four point
electrical conductivity, will be presented to jigtEPR interpretations.
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Nanomateriaty cieszsie coraz weksz popularnécia. Szczegdlnie istotna jest ich rola
w medycynie. Nanogstki magnetyczne ze wzglu na ich whlasn@i takie jak
biodegradowaln&, stabilng¢ chemiczna czy niska toksyczgostosowane ssw diagnostyce
medycznej, np. w kontrastactiywanych w technikach obrazowania. Bardzazmeajest ich
potencjalne zastosowanie jako snikOw lekdéw, np. antynowotworowych. W przypadku
nanocastek magnetycznych, stosajpole magnetyczne, maa by skierow& nanocastke z
dofaczonym lekiem bezpgoednio do miejsca chorego (guza), urikajv ten sposob ingerenciji
w zdrowe tkanki. Z kolei nanoggtki niemagnetyczne wydagpic by¢ obiecujcymi nagsnikami
lekow, gdzie czynnikiem uwalniggym lek bytaby zmiana pH, ktérego wakddest inna w
miejscu chorym (np. stan zapalny) mdrowym. Dlatego tak wae jest zbadanie wlasiw
fizycznych nanocgtek i ich zachowania eiw réznych warunkach (stenie, srodowisko,
temperatura, pole magnetyczne, pH) zanim zastastosowane w badaniach medycznych.

Zbadano dwie grupy nanagstek. Pierwsg z nich stanowity nano@gtki z rdzeniem
magnetytu (5 nm), otoczone polimerem (PEG) lubodaibem z dakzonym znacznikiem
spinowym TEMPO i wybranym lekiem (doxorubicyna, dopna, amoksycyklina).
Nanocastki zbadano w roztworze chloroformu, toluenu orenym. Drug grupg stanowity
nanocastke niemagnetyczne PMNT-PEG-PMNT, ktorych potencjalnyrastosowaniem
bytoby leczenie zapalenia reumatoidalnego. Naagikzte zbadano w roztworze chloroformu,
DMF oraz wodnym.

Zastosowasm technikh badawcz byla spektroskopia elektronowego rezonansu
paramagnetycznego (EPR). Badania przeprowadzonspakirometrze EPR/ENDOR typu
EMX-10 pracujcym w pamie X (9,4 GHz) firmy Bruker. Pomiary wykonano wrtgeraturze
77 K oraz w przedziale temperatur 120K — 293K. Wypadku prébek magnetycznych
wykonano pomiary FC (field cooling) stosajpole 5000 Gs. Dla zarejestrowanych widm EPR
wyznaczono parametry spektroskopowe takie jak \d@iadukcji pola magnetycznego (H),
szerokd¢ linii rezonansowej AH), wspotczynnik rozszczepienia spektroskopowegoa(glla
widm TEMPO czasy korelacjit). Wyniki zostaty przedstawione w funkcji tempersgtoraz
orientacji probki w polu magnetycznym. W ten sposdiadano podstawowe wiasob
wymienionych wyej nanocastek oraz sprawdzono ich zachowanie sny@h warunkach.

Probki nanoczstek magnetycznych znakowanych TEMPO pogyu réwniez do
obrazowania EPR w hydrelu pod lkitem zbadania ich dyfuzji. Pomiary te wykonano na
spektrometrze ELEXSYS E540L (1 GHz) firmy Bruker rkgstapc z obrazowania
tomograficznego. Analiza otrzymanych wynikéw utiwita sprawdzenie zmian rozktadu
nanocastek w hydraelu z uptywem czasu. Wyznaczone zostaly paramejfyzjl oraz
gradienty sfzen. Badanie dyfuzji nanoggtek jest réwnie istotne z punktu widzenia ich
potencjalnego zastosowania jakgmka lekow.
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EPR Imaging has a number of biological and medaglications, among which
EPRI based oxymetry is of great importance [1]. Tigev oxygen concentration imaging
method. A new imaging method based on direct-detecapid scan Electron Paramagnetic
Resonance (EPR) is developed and presented. Toeethe time of projections acquisition
we propose to combine rapid scan of Zeeman magfelticusing high frequency sinusoidal
modulation with simultaneously applied magnetiddfigradient, whose orientation is changed
at low frequency. The correctness of the methodoisfirmed by studies carried out on a
phantom consisting of two LiPc samples. The imdges the acquired data are reconstructed
using iterative algorithms. The proposed methodvad!to reduce the image acquisition time
up to 10 ms for 2D EPRI, and to detect the sinognath infinitesimal angular step between
projections.

In the experiment presented the time needed toirgcqll data necessary for image
reconstruction was reduced to about 10 ms. Attime 109 scans of magnetic field were
performed and 219 projections detected. A highenlyer of projections may be obtained by
increasing the scan frequency or by extention ef ttreasurement time. On contrary to
traditional methods, in which each projection isquced using well defined gradient
orientations, in the proposed approach continuausakdetection and the rotated gradient is
used. This eliminates the time required to chargegradient settings. Continuous signal
detection method allows to get a sinogram, whicghlmaaccumulated for each gradient cycle,
which improves S/N of sinogram and quality of restomcted images. By choosing the
frequency of the magnetic field scan which is nomaltiple of the gradient rotation
frequency, it is possible to measure projectiorhwinall angle increment, which depends on
the number of the gradient rotation cycles. Forpghesented result the angle increment has
been 0.11degree after 15 gradient cycles, and 0.04 degriee &0 gradient cycles. The
reconstructed images reflect well shapes of thengoina and show that the blurring effect
which could came from magnetic field gradient riatats not observed.
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Wstep

Szybki rozwoj w wielu dziedzinach nauki i technikzczegolnie w szeroko mbym
materialoznawstwie oraz ipnierii materialowej, ale réwniew innych polach, zwksza
zapotrzebowanie na szybkie, dokladne oraz tanientkic badania materiatdw. Do takich
technik mana zalicz¢ m.in. techniki spektroskopowe. Wyptijacy obecnie dynamiczny
rozwoj technik spektroskopowych dlaznych diugdci fal oraz odkrywanie nowych,
atrakcyjnychzrodet mikrofal stwarzajwiele nowych meliwosci wykorzystania tych technik
w wymienionych dziedzinach.

Jedra z metod spektroskopowych jest spektroskopia ERBrakjest stosowana w wielu
obszarach nauki - takich jak biologia, chemia ykea.

Jest ona wykorzystywana do wykrywania oraz idekdygfi pierwiastkow oraz
osrodkdw paramagnetycznych. EPR jest bardzoagapecjalistycza metod,, ktéra mazna
stosowé do badéa zaréwno pierwiastkbw podczas reakcji chemicznyek, i przebiegu
samych reakcji.

Przyktadowo, wiadomaze 16d (HO) jest rozkladany poprzez ekspozyop promieniowanie
o wysokiej energii. Produktami tego rozktadu atomy i zwazki, takie jak H, OH i HQ.
Produkty te mog zost& zidentyfikowane i nagpnie badane dgki zastosowaniu metody
EPR.

Metodc EPR mana wykorzysta do wykrywania w systemach elektrochemicznych
zwiazkow organicznych i nieorganicznych.

Z postaci rownania okétajacego warunek wyspienia rezonansu EPRy b ¢8B wynika, ze
obserwagj sygnalu EPR mima prowadzi na dwa sposoby. Pierwszym jest obserwacja
rezonansowej absorpcji energii w zadesci od czstotliwosci v promieniowania
elektromagnetycznego, przy statej wadoindukcji statego pola magnetycznego. Natomiast
drugim sposobem jest obserwacja rezonansowej atjsernergii w zalenosci od indukcjiB
statego pola magnetycznego, przy stateptatliwosci v.

Eksperymenty z wykorzystaniem EPR przeprowadzarewvykle w pasmach X i Q,
rzadziej w pasmach V i W. Powszechne wykorzystyagrmasm X i Q wynika gtéwnie z
szerokiej dosfpnaici i stosunkowo niskiej ceny wszystkich podzespottkrofalowych
(rozwinietych na potrzeby zastosowaadarowych). Drugi powéd szerokiego stosowania
pasm X i Q wynika z potrzeby stosowania w tych pasmstosunkowo stabych, statych padl
magnetycznych, o indukcjachegu 1 T, ktére mog by¢ wytworzone przez konwencjonalne
elektromagnesy. Opracowanie takich elektromagngs8wstosunkowo proste i tanie a ich
eksploatacja jest do wygodniejsza ui np. elektromagnesow nadprzewachxrh. Jednake,
niski wspotczynnik rozszczepienia spektroskopowegm tych pasm ogranicza movosé
bada do substancji wykazagych niewiella anizotropg magnetycza

Pomiary przeprowadzane w §paie fal milimetrowych, z wykorzystaniem
czestotliwosci v > 40GHz, pozwalaj na osagniecie wyzszej rozdzielczeci widma dla
danego wspotczynnika g, ktora =zk$za st wraz ze wzrostem ¢gtotliwosci
promieniowaniav oraz natzenia statego, rezonansowego magnetycznggo B
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Wykazano to m.in. w pracy [1], na podstawie analiy}norodnych, biologicznych,
polimerowych i innych systeméw spinowych badanycpainie D.

Waveband L X K [Q | W D
A [mm] 300 | 30| 125 85 32 21
f [GHZ] 1 10 | 24| 35| 95 140

B,[T] 0,04 | 0,36/ 0,86 1,25 3,39 5,00

Tabela 1.Przyktadowe pasmaywane w spektroskopii EPR

Zrodia promieniowania mikrofalowego
Magnetron

Magnetrony byly pierwszymi ugdzeniami mikrofalowymi wykorzystywanymi do
generacji promieniowania wielkiej eztotliwosci. Pierwszy magnetron zostat stworzony
przez Alberta Hulla w 1920r. Wspébtczesny projekt gmetronu zostat zaproponowany
podczas Drugiej WojnySwiatowej w 1940r, przez Johna oraz Harry'ego Boata
Uniwersytetu w Birmingham. Udato esiwdéwczas skonstruowaradary, ktére pomimo
dziatania impulsowego przyczynityesiio zwycestw Aliantéw nad Niemcami.

Obecnie najwicej magnetrondw wykorzystywanych jest w gospodastw
domowych gdzie pracaijjakazrodta mikrofal w kuchenkach mikrofalowych, natontiag
zastosowaniach radarowych najgzej uzywane g klistrony oraz lampy z falbiezaca.

Magnetron, pomimo nitiwosci generacji promieniowania o g&j mocy [2] (do setek
kilowatow) oraz wielkiej cgstotliwosci, ograniczonej gtdwnie przylonym nagzeniem
statego pola magnetycznego, zgodnie ze wzorem:

f=eB/(mc),
w ktorym f to czstotliwos¢ drgania elektronow, e to tadunek elektronu, B ndukcja
przytozonego statego pola magnetycznego, m tomasa elektaonto pgdkosé swiatta.
Charakteryzuje si on dua niestabilndcia, zaréwno cgstotliwosci generowanego
promieniowania, jak i jego fazy. Wymienione cechyrasvity, ze magnetron nie znalazt
zastosowania w spektroskopii EPR.

Dioda Gunna

Historycznie jednym z pierwszych potprzewodnikoWwyerodet promieniowania
mikrofalowego byta dioda Gunna[3]. Zostata ona wykstana jako element aktywny w
wielu generatorach oraz wzmacniaczach mikrofalowybhicki prostej konstrukcji oraz
zdolnagci do generowania drga o bardzo wielkich aogtotliwosciach jest ona
wykorzystywana w wielu ugglzeniach. Diody oparte na arsenku galu zdolme s
wygenerowa promieniowanie 0 ¢xtotliwosci siegajacej 200GHz [4], natomiast
czestotliwos¢ mazliwa do uzyskania przez diody zbudowane na azot{u ghaze skgat 3T
Hz[5] . Inmg zalet, generatorow Gunna jest mlisvos$¢ przestrajania w stosunkowo szerokim
zakresie cgstotliwosci [6]. Niestety moc oggana przez generatory Gunna zwykle nie
przekracza kilku miliwatow fali agtej.

Klistron

Klistrony podobnie jak magnetrony zostaly wynale®ma pocgtku XX wieku przez braci
Varian[7].

Moga one pracowa jako wzmacniacze oraz jako generatory promienigavan
elektromagnetycznego dlaardych dtugdci fali (od radiowych po mikrofalowe). Klistornys
szeroko wykorzystywane w radarach, nadajnikach Kkdnunikacji satelitarnej oraz we
wspotczesnych akceleratorachystek [8].
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Zasada dziatania klistrondw opierag sna konwersji energii przyspieszonych
elektronbw na energi pola elektromagnetycznego, przyzyaiu efektu grupowania
elektronéw(ang. bunching) pod wptywem pola elektnggo. Typowy klistron sktadaegsk
dziata elektronowego, wRi rezonansowej (lub wgk rezonansowych) oraz kolektora lub
reflektora (w typowym klistronie generacyjnym, jakjest klistron refleksowy).

Klistrony s stabilnymizrodtami promieniowania elektromagnetycznego, ktaoep zostad z
powodzeniem iyte w spektroskopii EPR, jednak posiadapwniez swoje ograniczenia.
Jednym z nich jest najekisza cgstotliwos¢ drgar, ktore mog wygenerowd, przy
zachowaniu rozglinego poziomu mocy(dziesek watow).

Stosunek mocy do egtotliwosci dla wspétczesnych klistrondw drastycznie spagidy
czestotliwos¢ ich pracy wzrasta do ponad 100GHz.

Pewnym rozwjzaniem problemu spadku mocy generowanej przezrdahigt byto
opracowanie tzw. klistronbw o wydtanym obszarze interakcji (ang. extended interaction
Klystrons, EIK), ktére 4dcza w sobie zalety zwyktych klistronéw oraz lamp zafdliezaca
(TWT) [9]. Przewiduje i, ze Kklistrony tego typu dmla w stanie osigac bardzo duae
czestotliwosci (do 1THz), przy jednocZeie dwym poziomie mocy oraz stabilém
czestotliwosci.

Obecnie prowadzone prace nad klistronami praagymi na czstotliwosci 670 GHz [10].

Lampy z fa} biezqcq

Podobnie jak wczmiej wymienionezrédta promieniowania, réwnielampa z fal
biezaca zostata wynaleziona podczas Drugiej WoBwiatowej. Stworzenie lamp tego typu
przypisywane jest Rudlofowi Kompferowi oraz rowrgike Nilsowi Lindenblandowi. Zasada
dziatania, podobnie jak w przypadku Klistrondw, espi s¢ na ekstrakcji energii z
przyspieszonych elektrondw i przekazaniu jegsce polu elektromagnetycznemu. W tym
przypadku dywana jest struktura opniajaca ruch elektronéw, dgki czemu poruszajsic
one z pedkoscia zblizona do pedkosci zmian pola elektromagnetycznego. Elektrony
okresowo zostagj skupiane przez magnesy lub elektromagnesy, co ga@owysapienie
przywotanego ja efektu grupowania elektronéw. Lampy TWT wykorzysiye g z reguty
w roli wzmacniaczy promieniowania mikrofalowego,npdto charakteryzuajsic szerokim
pasmem przenoszenia sygnatow, co dodatkowo czymajezo dobrymi wzmacniaczami
szerokopasmowymi. W przeciwigtwie do klistronéw, lampy TWT pozwalana osiagniccie
znacznej mocy nawet dla gstotliwosci powyze] 100GHz, i z tego wzgllu & w szerokim
uzyciu w r&znych obszarach np. telekomunikacji, technice radeyap.

Nowezrodta promieniowania mikrofalowego

Urzadzeniami wykorzystywanymi powszechnie w eksperymemtEPR/NMR jako
zrodta promieniowaniaaszyrotrony [11]. Zyrotron zostat wynaleziony w ZSRR w Instytucie
Radiofizyki w Gorki (obecnie Instytut Fizyki Stosawej, Nizhny Novogorod) w latach 60
XX wieku [12]. Zyrotron (rys.1) jest typem maseradacym odpowiednikiem lasera dla
czestotliwasci mikrofalowych, i tak jak laser jest oscylatorebrzadzenie to z powodzeniem
znajduje zastosowanie w eksperymentach, gdzie waneagjest zrodio wytwarzajce
promieniowanie o stabilnej i wielkiej egtotliwosci oraz duej mocy. Najweksza
czestotliwos¢ uzyskiwana za pomaczyrotrondéw sgga 680 GHz [13], przy miiwej do
uzyskania mocy wygriowej stgajacej 300kW.

Pomimo, ze gtownym zastosowaniem dlayrotronéw jest grzanie plazmy w
tokamakach, zainteresowaly one eksperymentatoroynugacych seé spektroskopiami
réznego typu. Juod kilku lat prowadzoneaseksperymentu ze spektroskopypu NMR/DNP
[14], a pierwsze komercyjne zestawy NMR jsiz dostpne. Nieprzerwanie ady si¢ do
zwigkszenia oferowanej egtotliwosci promieniowania, czego przykiadem mogy¢ prace
przedstawione podczas ostatnich warsztatéw przeggpenych na Uniwersytecie w Fukui,
bedacym jednym z wiodcych grodkéw w dziedzinie badanadzyrotronami [15].
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Podczas wymienionych vgj warsztatow w Fukui zaprezentowano rovineyniki
jednych z najnowszych batla dziedziny spektroskopii ESR, wykonanych z wylstaniem
zyrotronu [16]. Eksperymenty przeprowadzono zyaiem zyrotronu pracujcego na
czestotliwosci 154GHz z mog wyjsciowa 150W. Wycie takiego systemu pozwoli na dalszy
rozwoj inzynierii materiatowej, szczegolnie w kontele materiatdow o krotkim czasie
relaksacji. Podobne prace trwajéwniez w innych d&rodkach np. w MIT [17], gdzie
opracowano oraz zbudowangyrotron pracujcy na cestotliwosci 460GHz o mocy
maksymalnej 100W, z przeznaczeniem do zastosowaspektroskopiigdrowej (NMR).

Zyrotron jako zrodio promieniowania elektromagnetycznego jest bardlobrze
rokujacym urzdzeniem, gtdwnie dzki prostocie jego konstrukcji, sprawtd oraz
mozliwosci uzyskiwania cgstotliwosci siegajacych kilku terahercow. Rozwojem techniki
zyrotronowej zainteresowanych jest wiele krajéwym takze Polska [18].

W przypadku, gdy do przeprowadzenia liadé jest potrzebny ciy poziom mocy
(ktéry maze zosté wytworzony przezzyrotrony), mana wykorzystéa zupetnie inny rodzaj
generatora. Jest nim mianowicie orotron, baauj na zjawisku dyfrakcji fali
elektromagnetycznej, ktory jest w stanie wytwa@rzykilkaset miliwatbw mocy
promieniowania, o extotliwosci siegajpcej do 400 GHz [19]. W przeciwistwie do
zyrotronu, orotron jest usglzeniem znacznie mniejszym oraz nie wymagan bardzo
silnego naizenia statego pola magnetycznego. Ponadto nie wyroagskomplikowanych
systemoOw zasilania oraz chtodzenia. Moce uzyskiwpreez orotron $ jednak o kilka
rzedow mniejsze, od tych ktére m®wygenerowazyrotron.

Podsumowanie

Omoéwiono krotko najwaniejszezrodta promieniowania elektromagnetycznego, ktore
z powodzeniemss lub mog, by¢ stosowane w spektroskopii EPR. Nakwiejszymi z nich, w
kontelscie zwikkszania czutéci i dalszego rozwoju spektroskopii, a w konsekvjieimnych
dziedzin nauki s zyrotron oraz orotron.
Zyrotron dzeki swojej wysokiej sprawnii, mazliwoéci generowania promieniowania
ciagtego o wielkiej czstotliwosci oraz duej mocy pozwoli na badanie probek podczas
dlugiego czasu ekspozycji w statych warunkach pewomowania. Orotron, deki
kompaktowe] budowie, pracy impulsowe] oraz brakwmsglikowanego oprzyedowania
(zasilacze, magnesy, chtodzenie) pozwoli na szybkidania probek, nawet w warunkach
polowych.
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MICROWAVE SATURATION OF EPR LINES: MULTIPHOTON EFFE CTS
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Modulation of the static magnetic field and phases#tive detection is traditionally
used to improve the signal-to-noise ratio in camims wave (cw) measurements of electron
paramagnetic resonance (EPR) signals. In theseunegasnts electron spins interact with
transverse microwave (mw) and longitudinal radigérency (rf) fields with the frequencies

G, and a, , respectively. Such bichromatic field transformssva-level spin system into a

dynamical multilevel system and excites multiphotoansitions in this modified system.
These transitions with frequencies,,, +ka, (k= 0z1,...), where one photon of the mw

field is absorbed simultaneously with absorptionearnission of an arbitrary numbérof
photons of the modulation rf field, have been stddin pulse [1,2] and cw [3] EPR. It has
been shown [3] that both the derivative shape eflittes in standard cw EPR spectra and the
distortions due to overmodulation are caused bytiresolved multiple photon transitions. It
was also found that these transitions decreasmitrewave saturation of an EPR line. When

the modulation frequency is close to the Rabi feemy ¢ in the mw field, a; = «; , other

multiphoton transitions with frequencies determirgdthe amplitudeB, of the rf field are
excited. These transitions have been observed anatisorption EPR signals using pulse
methods [6]. The rotary saturation NMR experimeitRedfield [4] is a well-known
observation of such transitions. In this cw NMR exment, the dispersion NMR signal
arising from a strong incident rf field is observasia function of the frequency of a weaker
audio-frequency field. The similar experiment witho microwave frequencies was also
realized in cw EPR [5]. Note that, following Redfis experiment, rotary saturation is
observed only when detecting dispersion. On therdthnd, the absorption EPR signal can be
used to detect population inversion in the moditwd-level spin system (qubit) interacting
with photons of two frequencies. In recent yedrss, ¢éffect has been studied in the wide range
of quantum systems due to its potential usagequeaatum amplifier or an attenuator [9].

In the present paper we demonstrate that multiptegm transitions at, = «; can be

observed at the microwave saturation of absorgdBR signals detected out-of-phase with
the modulation frequency. Moreover, these signasgeal the steady-state population
inversion of the dressed states of the spin sydtamn by the bichromatic (mw and rf) field.

The standard EPR spectrometers employ a fixed matdnlfrequency, usually of 100
kHz. In this case the rotary saturation can beatleteby measuring the EPR signal as a
function of the mw field amplitudd, . At the 100-kHz modulation the resonaree= @, is

realized at the weak mw fieldB( = 3.6 uT, the Rabi frequency,, = )B;, where y is the

electron gyromagnetic ratio). Consequently, sampigth long (>>a)j1) electron spin
relaxation times should be used to observe thisna@sce. Paramagnetic defects such as the
isolated neutral substitutional nitrogen (P1 cénter diamonds are suitable for these
observations. The spin coherence tieof P1 centers depends on their concentration and
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can be changed from a few microseconds in nitrogdn-type-lb diamond to a few
milliseconds in ultrapure diamonds [7]. In the dattase, the coherence tirflg becomes

comparable with the spin-lattice relaxation tirfig, and the EPR lines are exceptionally

narrow (< 3.6uT) allowing to observe modulation sidebands andratibn broadening even
at the 100-kHz modulation.

Using appropriate perturbation techniques [10], regpions for the steady-state
absorption EPR signals in the frame rotating whign imw frequency are derived in the case of

the multiphoton transitions with frequencies,, + ke, assuming thaty, << a,, a; << a
and in the case of rotary saturation, € a; ) assuming thaty, >>«,, @, << a,;, where

«, =)B,. In the first case our expression is equivalenthat obtained in ref. [3]. The
relaxation parameters of the P1 centers were usedri calculations presented in Fig. 1. At
@, << @, the first-harmonic 9Bout-of-phase spectrum consists of a central line a
sidebands (Fig. 1a). All lines have dispersive shafhe sidebands are broadening with
increasing ofa,. At the rotary saturationd =, ), the first-harmonic 9Bout-of-phase

absorption spectrum is strongly modified (Fig. Myhen an increase im, changes the sign

of detuning+/af + A% — @, , this spectrum is inverted. Het®= ¢, - &, where «, is the

resonant frequency of the spin system.cit= 120 kHz only one broadened line is observed.

There is no such inversion in the first-harmonigpiase spectrum. The signal detected in-
phase with the modulation frequency is very wead tuits stronger saturation.

[

—_
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-200 —-100 0 100 200 —-400 —-200 0 200 400
A, kHz A, kHz

Fig. 1. Simulated field-swept cw EPR spectra. Tite-harmonic 98-out-of-phase absorption spectra
were obtained aty << a}¢ (a) for a4 = 10 kHz (solid line), 20 kHz (dotted line) andat= a¢ (b) for aq =

40 kHz (solid line), 80 kHz (dotted line), 120 kktashed line)«, = 28 kHz, a}s = 100 kHz,T, =T; =2 ms.

Our calculations are in agreement with the expemntaleresults for the P1 centers in
diamond presented in [8]. The inversion of the Edtghal observed in [8] has not been
explained until now. The used theoretical apprdath describes the saturation EPR signals
taking into account the multiphoton transitions tlmenagnetic field modulation. It was found
that the effective saturation of an EPR line d#faufficiently from the saturation of the
single-photon EPR transition observed without figlddulation. This difference is important
to estimate correctly the relaxation times from Haguration EPR experimental data. The
inversion of the 9out-of-phase signal reveals the steady-state pépal inversion of the
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doubly dressed levels of the initial two-level sgiystem. The obtained results can be also
used for other quantum systems such as quantunodstgerconductive qubits.
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Prébki maceratéw wglowych nie rozktadanych termicznie: egzynitu inititu badanych w
niniejszej pracy uzyskano ze¢gla kamiennego pochoglzego z Zagtebia Gorslaskiego z
Kopalni 1 Maja w Wodzistawiu o zawaém wagowej wgla pierwiastkowegdC 85,6%
(wegiel sredniouveglony). Badany egzynit i witrynit pochoglzy z wegla potbtyszcacego
g
IT3
wynosity odpowiedniod < 1,24 — dla egzynitu orax= 1,28+ 1,30 dla witrynitu. W celu
wyeliminowania interakcji pomgdzy grupami centrow paramagnetycznych obecnych w
badanych probkach maceratow ¢glowych 2z paramagnetycznymi atomami tlenu
atmosferycznego probki maceraldw umieszczono w koiiennych szklanych rurkach.
Nastpnie rurki te odpompowano (czas pompowaria24 h) osigajac préznie rzedu 10*
tora. Po ukaczeniu procesu ewakuacji tlenu na linii pmowej probki z badanymi w
niniejszej pracy maceratami zatopiono podzpig. Przyczym odpompowywania probek do
bada EPR jest faktze interakcja centrow paramagnetycznych probek arpagnetycznych
atomoéw atmosferycznego tlenu przyczynia db zmian koncentracji ogoélnej liczby tych
pierwszych i wplywa na szerokd mierzonych linii w zjawisku elektronowego rezonans
paramagnetycznego.

Do pomiaréw probek maceratdweglowych: egzynitu i witrynitu #yto spektrometru typu
S/EX wyprodukowanego przez figrRADIOPAN-Pozna. W spektrometrze zastosowano
magnetycza modulaci pola 100 kHz o amplitudzie 0,20°10mT z czstotliwoscia
promieniowania mikrofalowego 9,3 GHz. Tlumienie momikrofalowej stosowane w
pomiarach byto w zakresie 0-20 dB przy maksymatnegy mikrofalowej generowanej przez
klistron o wartgéci okoto 70 mW. Uktad temperaturowy stosowany p@dcavykonywania
temperaturowych pomiarow EPR do niniejszej pracypasgony byt w elektroniczny
stabilizator temperatury pozwaday z dwa doktadndcia uzyskiwa zatazone temperatury
pomiarowe.

Wczeniejsze prace wykazaty [1, 2J,e w ogodlnej grupie centrOw paramagnetycznych
generujcych linie sktadowe w postaci linii o ksztalcie ywej Lorentza Ll widm EPR
badanych w tych pracach maceratéw: egzynitu i witty istnieje pewna €&¢é centrow
znajdupcych sé we wzbudzonym stanie trypletowynd (= 1). Centra te nie stosowaty slo
prawa Curie w postaci | = C/T a ich wkiad do intgmsosci linii mozna opisa wzorem (1):

[EI—. ®
T(3+exp(J/KT))

posiadat odpowiednio czysio 75 i 90 % objtosci a gstasci d (w ) maceratow

Udziat centrow paramagnetycznych we wzbudzonymietagpletowym w ogolnej liczbie
centrow paramagnetycznych zmienia siraz z temperatgrpomiaru T . Celem niniejszej
pracy bylo wyznaczenie wudzialu X sygnalu EPR pochoego od centrow
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paramagnetycznych nie podlegajch prawu Curie w calkowitym sygnale EPR
rejestrowanym dla badanych maceratéwgleowych: egzynitu i witrynitu nie rozktadanych
termicznie za pomagpomiaru dwutemperaturowego [3].

Wzgledny udziat X centrow paramagnetycznych nie spetojah prawa Curie w badanych
probkach maceratow gglowych okrgla wzor (2):

1, _ T

X =—|1 Ts (2)
T
DNC _-ITZ

gdzie | ; oznacza intensywré catkowitego sygnatu EPR rejestrowanego w tempezafii

a | , intensywnéc catkowitego sygnatu EPR rejestrowanego w tempezatfl, .
WyrazDnc we wzorze (2)jest zdefiniowany poprzez iloraz wyieay rownaniem (3):

. =inc(T2)
Inc(T1)
We wzorze (3)I yc (T ) oznacza intensywré sygnatu EPR pochodeego od centrow

paramagnetycznych nie podleggjch prawu Curie dla danej temperatdry
Woczeniejsze badania przy zastosowaniu metody pomiarutewmperaturowego podczas
badania uktadu centréw paramagnetycznych obecnyoiaeeratach wglowych: egzynicie i
witrynicie rozkladanych termicznie przeprowadziitga®Ra [4]. Wyznaczone przez Pilavy4]
wartasci X dla maceratdw wglowych: egzynitu i witrnitu rozktadanych termiceniw
temperaturze 300 i 650°C wynosity odpowiednio: 0,8228 (egzynit rozkladany termicznie
w temperaturze 300 i 650°C) oraz 0,41 i 0,50 (witryozktadany termicznie w temperaturze
300 i 650°C).
W niniejszej pracy badanie EPR meiqubmiaru dwutemperaturowego przeprowadzone dla
egzynitu i witrynitu nie rozktadanych termicznie bysvato s¢ w dwdch temperaturach
pomiarowych odpowiednio: ;T= 293 K i T, = 173 Koraz T= 293 Ki T, = 153 K.
Obliczone ze wzoru (3) walo Dyc dla badanych maceratow mialy wadn0,69 (egzynit
nie rozktadany termicznie) i 0,13 (witrynit nie kdadany termicznie). Warfci wzglednego
udzialu X centrow paramagnetycznych nie spejoigh prawa Curie w egzynicie |
witrynicie nie rozkladanych termicznie w temperatipokojowej (T = 293 K) wyliczone na
podstawie wzoru (3) wynogodpowiednio: X = 0,36 (egzynit nie rozktadany texmnie), X
= 0,17 (witrynit nie rozkladany termicznie).
Otrzymane w tej pracy wyniki dla maceratow nie dazlanych termicznie dobrze korejuj
wczesniejszymi wynikami przedstawionymi przez Pikay4] dla maceratow rozktadanych
termicznie w temperaturach 300 i 650°C. Na podstawniejszej pracy i pracy Pilawy [4]
mozna zauwayé, ze wart@é X maleje wraz ze zwkszaniem temperatury termicznego
rozktadu dla egzynitu [4] przyjmag najwikszy wartags¢ dla egzynitu nie rozktadanego
termicznie. Z kolei X przybiera coraz ¢kisze wartéci wraz ze zwikszaniem temperatury
termicznego rozkiadu dla witrynitu [4] przyjnag) najmniejsz wartas¢ dla egzynitu nie
rozktadanego termicznie.
Dowiedziono [5] istnienia w ogdlnej grupie centrOparamagnetycznych obecnych w
egzynicie i witrynicie pewnej &% centrow znajdujcych s¢ we wzbudzonym stanie
trypletowym (S = 1). Jednak w innym modelu za ogsstwa od prawa Curie obserwowane
dla wczéniej wymienionych maceratdw megodpowiadé zdelokalizowane elektrony
jednostek aromatycznych, na co wskazuyniki pomiaru dwutemperaturowego [4].

3)
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Introduction

Many transition metals form polynuclear complex gmunds in which the metal ions interact
either directly or through non-metal bridging ator8sich systems have been the subject of
extensive investigations in coordination chemistgrticularly since their importance in
biological systems has become known, like in thevacsite of hemocyanines (Cu), in
cytochromec oxidase (Cu, Fe) and in hemerithrins (Fe) thatagerinvertebrates use for
oxygen transport. Oxo-bridged manganese sites baem found in many enzymes. The
metal-metal interactions in such systems affedt thagnetic properties and EPR spectra.

The isotropic exchange interactions between thealmens in a binuclear system are
described by the Heisenberg-Dirac-VanVieck (HDV\grhiltonian

A =385, (1)
The result of these interactions are the couplatkstof the system, which correspond to the
total spin operator

ST = Sl + Sz (2)
whoseS number may assume values fro8i14+ S| t0S, + S,.
and the energies can be calculated from

ES) =02 {S(E+1)-8E +1)-3(S + 1)} (3)
Thermal population of the Slevels determines the magnetic prioperties of ¢bapled
systems.
The anisotropic metal-metal interactions split 8iestates into their Mlcomponents even in
the absence of the external magnetic field. Thiscadled zero-field splitting (zfs) is
customarily expressed by tBeandE parameters of the spin Hamiltonian:
Hs=15B-{g}s:S + DS -S(S+1)/3} + ESS>- 8, 4)

The Hamiltonian above is expressed in terms ofttial spin and allows analyzing the
paramagnetic states of a binuclear system separ&ath of the coupled states has its own
{g}s, Ds andEs. That spin Hamiltonian is applicable when thetiplys caused by are large
compared to the effects &, E and the Zeeman energy. In some cases when thistis
fulfilled, the spins of individual ions need to bsed.

H=J$: Sz + Diof $1,82,—81 S> 13} +E12 (Slx Sox - S1y Sy ) +

D, {Slz -S (S +1)/3+ E; (slx —Sly ) + %)
D, {82 — (S +1)/3} + E; S —82)) +
1eB {01} S1+ ueB {92} S>

The D, Dy, E;, E; terms are non-zero only for metal ions with sgirgér than %. Formulas
exist enabling conversion of the spin Hamiltonian (Syapaeters into the ,giant spin”
Hamiltonian (4).

Extension of equations 1-5 over a case of more tilvarinteracting metal ions is conceptually
easy but may lead to serious numerical problen@actice. In a polynuclear system, states
with a given $ may occur more than once, opposite to the binucteapounds. For
example, in a trimeric Glicomplex there are two states with the total spivt@nd one state
with Sr=3/2.
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Binuclear copper(ll) systems.

P P PR W [ ST WY W W T W 1 PR I W T T 1
12.0 12.5 13.0 135 14.0
Magnetic Induction, T

Fig. 1. EPR spectra of [Cu(@EOO)(CHsCN)], recorded at 80 K with the microwave frequency 406.
GHz* The bottom spectrum was simulated with2y071, 9=2.075D =-0.410 cnt, E=0. Letters X, Y, z
design the molecular orientations for the respedtiansitions.

Copper Carboxylates. The copper acetate monohydrate was the first lBaucomplex
studied by EPR. Hundreds of dimeric carboxylate glexes of the ,paddlewheel” structure
are known. The isotropic exchange interactionrisnsf, withJ around 300 cif, therefore the
"giant spin” Hamiltonian (4) is fully applicable. h&y are characterized by strongly
anisotropicg matrix, moderateD values of ca. 0.3 - 0.4 ¢hmand smallE magnitudes. A
typical HF EPR spectrum is shown in Fig. 1. Them @vo contributions to the zero-field
splitting, one being the dipole-dipole interactishile the second is due to the anisotropic
exchange interactions. The exchange-related parbeafound by subtracting the calculated
dipole-dipole contribution from the experimentadigtermined zero-field splitting parameters,
which requires knowledge of the sign of the expentalD andE. D in copper acetate was
thought to be positivé,but this was proved wrong by the high-field EPRoeniments
performed on single crystal. The exchange-related contribution is associateith wie
exchange interactions in a binuclear molecule irclvione of the copper ions is in its ground
state gb.y» while the other one is in an excited state. Analyd the LS coupling in such
system leads to formufas

2 2 2
DeX—ZE J><2—y2,xy _E"t J%—yz,xz _l"t J%—yz,yz

2 2 2
AEXZ_YZ’Xy 4 AE%—yz,xz 4 AEx?—y?,yz
2 2
ex:lg‘]xz—yz,xz_lgsz—yz,yz (6)
2 2
4 AE%—yz,xz 4 AE%_yz’yZ

where { is the spin-orbit coupling and the quantities liBg.,y represent exchange
interaction between ad,, orbital of one ion and anydorbital of another. These exchange
integrals are found experimentally to be ferromaéignehich was confirmed by the DFT
calculations’ oy xz@nd .oy, are expected to be equal to each other and ldngad,,.
v2xy as the @ and ¢, orbitals of one ion protrude towards the.d orbital of another ion
(Fig. 2). As a result, th& parameter is very small. These relations have beeafirmed by
the DFT calculations.

Fig. 2. The orbital interactions which determine #xchange-related part of the zfs in copper cathtes,
representing from the left to the right.,2 xy, Jx2-y2.x. aNd Joyo .y, Of Formulas (6).
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Dihydroxo® and Dialkoxo-Bridged’ Copper Complexes The schematic structure and
orbital interactions responsible for the zfs inttinaportant group of dimeric Cu(ll) complexes
are presented in Fig. 3. They are characterizedlabyer D magnitudes than in the
carboxylates, of the order of -1 nand small but not & value$’ (Fig. 4). In this case, the
dominant interaction appears to ke, x.

Fig. 3. The orbital interactions which determine &xchange-related part of the zfs in the hydraxb a
alkoxo-bridged copper dimers, representing fromléffteto the rightlyo.yz xy, Jxzy2.xzr Ixo-y2.yz Of Formulas (6).

~ y
HF X "
z l"z“ [
208.0 GHz
328.8 GHz

JL__)\MY
~ [

PO Y ST W W WU W S W N W VT WO W T W W W W [T W T W W Y
2 4 6 8 10 12

Magnetic Induction, Tesla

Fig. 4. EPR spectra of an dialkoxo-bridged Cu campécorded at 10 K with the microwafrequencies ¢
shown. The red traces were simulated itig,=2.06,9,=2.315,D = - 1.15 crit, E= 0.037 crif. Letters
X, Y, Z design the molecular orientations for teepective transitions, HF is the ,forbidden” hafid
transition. A misorientation between the g andtefsors had to be assumed in the simulations.

Copper(ll) Complexes with Linear Bridges

The ligand/+bis[bis(3,5-dimethyl-1-pyrazolyl)methyllbenzenke ) forms a large series of
binuclear complexes of a general formula [M(J=X>* with various divalent transition metal
ions. The linear bridge Xmay be F CI, Br, OH, CN or N;.*'° A simplified structure
(which was used for the DFT calculations) and athitteractions responsible for the zfs are
shown in Fig. 5. In this case, the ground stat¢hef C§* ion is d. rather than the more
common ¢b.y». That ground state results in one of the g compisne, being equal to 2.
Also, equations (7) need to be applied to analyeeskchange-related zfS.

2
Dex ::_3 Q( J z’-,yz +§ 52‘] zz,xz
2 2
40E% 4N, 7)

2
Eex:_§éT Jf,yz +:_3 ngzz,xz
A0E,  4NF
Yz ,XZ

The sign ofD has not been experimentally determined for theseptexes. Because of the
relative orientations of the,dorbital of one ion versus either thg dr d,; orbital of another
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copper ion (Fig. 5)J.2x, is expected to be much larger thipy, which may result in th&
parameter comparable B This has been indeed obser{&d.

Fig. 5. The orbital interactions which determine &xchange-related part of the zfs in the binuadearplex
[Cu(Ly)]oF*, representing from the left to the right ,,, J,2.., of Formulas (7).

Binuclear complexes of other metals

The dominant contribution to zfs of a dimer maddved ions containing multiple unpaired
electrons, like Mfi", F€”, CP" etc, is that due to the presence of zfs on separatzdl ions,
which is represented Y1, D,, Ei, E; in Equation 5. The result is in many cases areexty
large zero-field splitting in such binuclear compds. For example, in a Eebinuclear
complex, aD; = 1 cni* on each of the interacting ions contributes 6.4" ¢ontheD parameter

in the S=1 state of a dimer. The chances of ohsgrspectra of systems of that type in
standard X or Q EPR are minimfaknd they are a domain of the high-field EPRIn an
exchange-coupled &rcomplex*? a full analysis of the EPR spectra was perforniég. (6).
The spin Hamiltonian had to be applied in formi{grause of rather small isotropic exchange
interactions (J = 9.4 cn). The contributions due tB; = D,, E; = E, and D1, E1» were
evaluated.  Also, the biquadratic exchange t¢{®S,)* was included. The zero-field
splitting in the S=1 and S=3 states of the dimes Yoaind to be mainly caused by the zfs on
single CF* ions (S=3/2), while it is mainly of the dipole-die origin in the S=2 state.

" " " 1 " " " " 1 "
11.0 115
Magnetic Induction, Tesla
Fig. 6. EPR spectra of a binuclear®tcomplex at 324.0 GHz and at 40"KTop: Experimental spectrum.
Bottom: Simulated by using the spin Hamiltonian\{§h J=9.4 cnt', j=0.83 cn', D,= 0.3564 crit, E;=-
0.0647 crit, D;,=-0.1850 cr, E;,=-0.0112 crit. Letters X, Y, Z design the molecular orientatiamsl T,
Q. S mark the spin states with the total spin h@ & respectively.

'l ' 'l 'l ' 'l
12.0 12.5
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Trinuclear Copper Systems Spectra of a linear trinuclear copper complex igemdimplified
structuré® are shown in Fig. 7. The complex is antiferromaignand one of two possible
S=1/2 states is the ground state of the systermafiglue to that state were observed at the
lowest temperatures, while signals coming from 3=8id another S=1/2 state emerged at

higher temperatures.

—————— ——r——r—
30K
Simulated, 30K D1
D1z D2x
D2
3K y
D1z Qz
Simulated, 3K /
Qy / D1x
D1y
ST ST AT W Y WY WY WY WA NN WU WU WY WU N SN WU S S W S 't
12.5 13.0 13.5 14.0 14.5

Magnetic Induction, Tesla

Fig. 6. Experimental and simulaté8PR spectra (406.4 GHz) and structure of a triruaBf* complex®*
Top: Experimental spectrum. Letters x, y,z designrholecular orientations and Q, D mark the sptest
with the total spin 3/2 and 1/2, respectively.

In the triangular antiferromagnetic €ucompounds, additional interactions become active,
which are the spin frustration and the antisymmetxichangée?

Literature

[1]
[2]
[3]
[4]
[5]

[6]
[7]

[8]
[9]

Bencini, A.; Gatteschi, D. “EPR of Exchange @tad Systems” Springer-Verlag: Berlin,
1990.

Ross, P. K.; Allendorf, M. D.; Solomon, E.J. Am. Chem. So&989 111, 4009

Ozarowski, A.lnorg. Chem2008 47, 9760.

Ozarowski, A.; Szymanska, |. B.; Muziol, T.zErska, JJ. Am. Chem. So2009 131, 10279.
Maurice, R.; Sivalingam, K.; Ganyushin, D.; Gary, N.; de Graaf, C.; Neese, IRorg.
Chem.2011, 50, 6229.

Ozarowski, A.; Reinen, DInorg. Chem1984 25, 1704

Sharma, R.P.; Saini, A.; Monga, D.; VenugopaRn Jezierska, J.; Ozarowski, A.; Ferretti, V.
New J. Chen2014 38, 437.

Reger, D.L.; Pascui, A.E.; Smith, M.D.; JezlexsJ. and Ozarowski, Alnorg. Chem2012
51, 7966

Reger, D.L.; Pascui, A.E.; Smith, M.D.; JezlexsJ. and Ozarowski, Anorg. Chem2012
51, 11820.

[10] Reger, D.L.; Pascui, A.E.; Foley, E.A.; Smit¥,D.; Jezierska, J. and Ozarowski, Aorg.
Chem, 2014 53, 1975.

[11] Ozarowski, A.; McGarvey, B.R. and Drake, JIBqrg. Chem.1995 34, 5558

[12] Semenaka, V.V.; Nesterova, O.V.; Kokozay, V.MDyakonenko, V.V.; Zubatyuk, R.l;
Shishkin, O.V.; Boca, R.; Jezierska, J. and Ozakgu#s Inorg. Chem201Q 49, 5460-5471

[13] Senchyk, G.A.; Lysenko, A.B.; Rusanov, E.Bheinega, A.N.; Jezierska, J.; Domasevitch,
K.V. and Ozarowski, AEur. J. Inorg. Chem201235, 5802

[14]  Vasylevskyy, S.I.; Senchyk, G.A.; Lysenko, A.Rusanov, E.B.; Chernega, A.N.; Jezierska,

J.; Krautscheid, A.; Domasevitch, K.V. and Ozarow8k Inorg. Chem2014 53, 3642

Acknowledgments.The high—field EPR spectra were recorded at the [RHMvhich is funded by the

NSF through the Cooperative Agreement No. DMR-19874he State of Florida and the Department
of Energy.

51



Wyktady i Komunikaty lll FORUM EMR-PL 23-25.VI.2014

Wyktad
WPLYW GEOMETRII MOSTKA W DIMERACH MIEDZI(Il) NA
IZOTROPOWE | ANIZOTROPOWE ODDZIALYWANIE WYMIENNE.
BADANIA MAGNETYCZNE | EPR
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Jednym z najwaniejszych celow bada zwiazkow dwurdzeniowych Cu(ll) jest
ustalenie korelacji mdzy ich wi&ciwosciami strukturalnymi a charakterem i enargi
oddziatywa spin - spin niesparowanych elektronow centrow mi@alych. Liczne wyniki
tych bada dowoda, ze decydujcy wptyw wywiera struktura ugrupowania mostkowego,
tym krotn@¢ i natura mostka atzacego jony Cu(ll), a tatle, wymuszana ligandami,
geometria sfery koordynacyjnej wokét zkego jonu Cu(ll). Wplywaj one zasadniczo na
parametry geometryczne, m.in. na odlégi€u-Cu i kgt Cu-X-Cu, gdzie X to atom lub
atomy mostka. Wszystkie te efekty modyfikgnerge i charakter orbitali metali i atomow
mostka X, stopie naktadania tych orbitali oraz movos¢ delokalizacji niesparowanych
elektronéw za paednictwem mostkow.

Pocawszy od lat 70-tych ubiegtego stulecia, rownolegeprac eksperymentalnych,
tworzone byly modele oddziatywa migdzy niesparowanymi elektronami w atomach
czasteczek dwurdzeniowych. Do najivaejszych nalga modele molekularne Hoffmana i in.
[1] oraz Kahna i in. [2]. Przewidgjone, wychodgc z r&nych zataen, sposoby tworzenia
orbitali molekularnych z orbitali, przede wszystkimesparowanych elektronéw miedzi z
udziatem mostkéw. W obydwu modelachzmica energii mgdzy stanem singletowym, S=0,
I trypletowym, S=1, mierzona catkvymiany izotropowej J (H = JS;), sprowadza gido
sumy wkiladu oddziatywania ferromagnetycznege €J0) oraz antyferromagnetycznego
(Jar> 0).

Zastosowanie magnetometru SQUID stworzyto warunéi mhrdzo precyzyjnych
pomiarOw zmian namagnesowania w funkcji temperaturzakresie od 1.8-300 K,
umazliwiajac wyznaczenie warfgi catek wymiany izotropowej w bardzo dun zakresie
wielkosci, od mniejszych @i 1 cm® do sigajacych 1000 cnf. Obliczenia kwantowo-
mechaniczne, z zastosowaniem DFT [3], pozwolily oeerz wymiany izotropowej,
weryfikowanej zgodngria migdzy obliczom roznica |Er - Egg| (T-tryplet, BS-,broken
symmetry”) i wyznaczom eksperymentalnie catkwymiany J, a take na teoretyczne
przewidywanie czynnikow modyfikagych € wymiarg.

Anizotropowe sprgzenie spin - spin mdzy dwoma niesparowanymi elektronami
Cu(ll) wynika z oddziatywania dipolowego oraz wymiego, w ktorym uczestnigorbitale
stanu podstawowego niesparowanego elektronu jedegoCu(ll) i stanow wzbudzonych
drugiego jonu Cu(ll). Stanowione wktady, odpowiednio, ¥ oraz D™ [4] (lub D°°i D>°
[5], gdzie SO to ,spin-orbit coupling”) do ZFS -zszczepienia stanéw S=1 na stanygMi
M+l w zerowym polu magnetycznym. Rozszczepienie t@rzone jest wielkixia
parametru D, gdy symetria anizotropowe] wymianyt @siowa, oraz dodatkowo udziatem
parametru E, gdy jest rombowa. Najkszy wptyw na wielké¢ ZFS mag wynikajace z
geometrii centrow spinowych, efektywdto sprzzenia spinowo - orbitalnego, w tym
anizotropia tensora g, stopieaktadania orbitali stanu podstawowego i stanoWwuszonych
niesparowanych elektronéw oraz odlégiadCu-Cu i stopié delokalizacji niesparowanych
elektronéw. Model anizotropii oddziatywawymiennych stworzony przez Bleaney'a i
Bowersa [6] i stosowany wspotéree, [4] i [5], znajduje zastosowanie w interpréitac
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parametrow D i E wyznaczanych na podstawie anaigyulacyjnej widm EPR, w tym
szczegOlnie przydatnych, widm HF EPR. Naslepodkraéli¢, ze widma EPR wykazuj

jednoznacznie istnienie oddziatyivapin-spin mgdzy centrami Cu(ll) dzki zasadniczej

zmianie standw spinowych od #1/2 (dla monomeréw Cu(ll)) do M0 i Ms=%1, (dla

czasteczek dwurdzeniowych Cu(ll)) iast radykalnej zmianie prz& rezonansowych, nawet
wtedy, gdy wyznaczona magnetochemicznie catkathjemal rowna 0. Co wcej, pojawia

sig czsto charakterystyczne rozszczepienie nadsubtelnekutels oddziatywania
niesparowanych elektronéw z dwonadrami miedzi I =3/2+3/2=6/2).

W niniejszej prezentacji podane zostaprzykiady kompleksow dwurdzeniowych
Cu(ll), ktérych badania magnetyczne i EPR przepdmeae przez nas dla komplekséw o
znanej budowie molekularnej i krystalicznej ilugdruztozoncs¢ korelacji strukturalno-

magnetycznych.

Przyktadem diej czutgci spektroskopii EPR, byto odkrycie
przez nas,zze dwa dimery karboksylanowe Cu(ll) typu ,lampiongw”
, obecne w komorce elementarnej amkiu [Cu(B-alanina)Cl,]Cl,-H,0,
chat bardzo malo rénia sie struktup molekularm i krystaliczray
wykazup dwa r&ne widma EPR w rownowadze [7]. Obydwu dimerom,
pomimo niemal identycznej wymiany antyferromagnetgs (J = -324
cm?), odpowiadaj rézne wartdci sktadowych tensora g oraz parametru D,ad £ oraz
D"Y™ ktorych wkiad do D mina byto jednoznacznie wyznadzglopiero 10 lat p#niej, po
eksperymentalnym udowodnieniu, przez jednego zrawmtaze D dla karboksylanéw Cu(ll)
jest zawsze ujemne [4].

o Badania strukturalne wykazatge ligandy L, w ktérych grupa
Q u\}_o_ karboksylowa jest poprzezadznik R podstawiona 1,8-naftalimidem,
N-R uczestnica w tworzeniu niezwyklych dwurdzeniowych kompleksow
Q % Cu(ll); organizuy sic one za pérednictwem aromatycznych policykli
L ligandow w syntony stakingowe typu -« i struktury supramolekularne
[8]. Bardzo istota zmiare sposobu koordynacji Cu(ll) przez grupy
karboksylowe ligandu L z R=Ctbraz oddzialywa spin-spin spowodowat udziat ndych
ligandow aksjalnych.Kompleks [Cu(L)4(MeOH),]-2(CH,Cl,) o strukturze ,lampionu”
charakteryzowata odlegté Cu-Cu = 2.63 A i silne oddziatywanie antyferrometyczne (J =
-325 cm') oraz D = -0.347 cth W kompleksie [Cy(L)4(py)s]-2(CH,Cl,) pojawito si
dodatkowe oddziatywanie stakingowe:-s migdzy pirydynami wymuszag monodentny
charakter mostkggych grup karboksylowych, co wydiyto znacznie odlegkd Cu-Cu do
okoto 3.38 A i dramatyczne ohinyio energé oddziatywania spin-spin do J = -1.7 ¢mD =
—0.033 cnit. Koordynacja grupy karboksylowej typu ,lampionu”kempleksie z metanolem
sprzyjata bardzo efektywnemu naktadaniu orbitaintl mostka z orbitalami metaly.d, we
fragmencie Cu-O-C-O-Cu (Schem@j, na ktérym orbitale magnetyczne pokazano tylko dla
potowy dimeru).
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Natomiast kady mostek tlenowy monodentnych grup karboksylowydzostawat
jednoczénie w pozycji aksjalnej jednego metalu i ekwatorgl drugiego, natomiast
niesparowane elektrony typuod,» byty ulokowane na ptaszczyznaepkazdego jonu Cu(ll),
ktore byty niemal réwnolegte. W rezultacie niertiwe byto efektywne naktadanie orbitali
metalu i mostkéw, zgodnie z tym co ilustruje Sche(@g na ktorym orbitalesspokazane dla
potowy dimeru.

Podobnie stabe oddziatywanie antyferromagnetyczne (I cnt) oraz niewielkie
rozszczepienie stanéw S = 1 w zerowym polu magaetyn (D = 0.052 cr)) obserwowane
byto w innym kompleksie dwurdzeniowym [&f-pic)sLs], gdzie L=kwas cynamonowy,
B-pic = B- pikolina. [9]. Rozszczepienie sygnatéw widma EpRszku tego kompleksu (w
pasmie X w 77 K) wskutek oddziatywania nadsubtelnegmdrami dwéch miedzi dimeru,
oraz warté¢ A; = 80 G, rowna potowie A monomeru, byly jednoznacznymi dowodami
przegé rezonansowych w oblbbie stanow S=1. Monodentne grupy karboksylowe petjak
poprzednio, ral dwoch mostkow tlenowych, z ktérych jeden byt ligam aksjalnym jednego
metalu i ligandem ekwatorialnym drugiego. OdlggtaCu-Cu okoto 3.49 A okazafacsi
rownie dua. | w tym kompleksie prawie rownolegte orientapjaszczyzn orbitali g.yo, z

mostkami w pozycjach aksjalnych Cu(ll), bylty niekgstne dla

efektywnego nakladania esiorbitali magnetycznych, w sposob
2 " analogiczny do przedstawionego na Schemaie (

NN N _ . . .
% ’:‘——T \ EVT N Niezwykle silnym oddziatywaniom antyferromagnetygan
R 'Cu Y. sprzyjata  struktura dwurdzeniowa z dwoma ligandami

dwa jony miedzi przez swoje 4 grupy pirazolowe zCQRi [10].
R Bardzo due ligandy wymusity liniowe mostkowanie miedzi(ll)
\©/ przez pojedyncze jony halogenkow _,(FCI_, Br_) lub OH.
Antyferromagnetyczne spgzenia wymienne medzy jonami Cu(ll) wzrastaty w szerng E
Cl < OH < Br, ktéremu odpowiadat szereg J = 340, 720, 808, &&lcm?, oshgajac

ogromny wartgi¢ J dla Br. Geometria bipyramidy trojkatnej k@ego centrum Cu(ll)

wywotata wzrost naktadania orbitalu,# z orbitalami mostkow wraz ze wzrostem ich
promieni. Nieoczekiwanie, pomimo bardzozdju rGznicy energii m¢dzy stanem S=1 i
podstawowym S=0, obserwowane byty widma EPR ze&sirusubtel w 295 K w pamie

X (dla CI), w pgmie Q dla X= Cli Br, a take dla X = Cli OH z zastosowaniem HF EPR.
Anizotropia oddziatywa wymiennych przejawita siw znacacych wartdciach parametrow
D. Warta¢ sktadowej tensora g, & 2, zdecydowanie wskazywala niesparowany elektron

ma charakter £ zgodnie z geometyicentrum Cu(ll) zblomna do bipiramidy trojlstnej.
Analiza widm EPR ujawnita bardzo #Z® wartgci parametrow rombowej anizotropii

oddzialywa wymiennych (dla X = BrE = 0.146 cnif), co uzasadniono da réznica
wymiany z udziatem standéw wzbudzonych Znaczna daojn Jf,x) nad Jfy,) mogta
wynika z faktu,ze w badanej strukturzes & byta rownolegta do osi Cu-Cu, podczas, gély o
y byta prostopadta.

Warto zauway¢, ze dla komplekséw z mostkami QHzmiana grupy R = CHna
R = H w podstawnikach pirazolowych [11] znaczni@iaitta kat mostkowy Cu-O-Cu, z 180
do okoto 14% i 146 (w zalenosci od solwatu), co wywotato zmiangeometrii centrum
Cu(ll) z bipiramidy trygonalnej do znieksztatcomgjamidy kwadratowej. Obserwowanazte
odwrdécenie relacji sktadowych tensora g, odpowiednig = 2.02 do g= 2.27, a przede
wszystkim znaczne ohtenie oddzialywania antyferromagnetycznego z J 98 &m’ do
odpowiednio, J = -555 i -649 cmNastpito tez zmniejszenie rombowego wktadu do ZFS.

2
R

; A JR koordynupcymi w taki sposébze kazdy ligand wizat jednoczénie
L)
R
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Znanych jest bardzo niewiele dimerow Cu(ll) z mastk liniowymi. Nalery do nich

kompleks z mostkiem Cl Kazdy z dwoch ligandéw 1,3,5-triamino-cycloheksanowych
koordynowat jeden jon Cu(ll) przez dwa azoty poawshjpc swobod trzeciemu azotowi
cyklu, co wywotato zupetnie inngeometra uktadu mostkowego aiw poprzednich dimerach

[12]. Ptaszczyznyky kompleksu, z niesparowanym elektronem tygppg, byty wzajemnie

réownolegte, a mostek Clznalazt st w pozycjach aksjalnych Cu(ll) bardzo obajac
oddzialywania antyferromagnetyczne do J = 0.86" emswiadczy o niewielkim naktadaniu
si¢ orbitali magnetycznych, podobnie jak na Schemgie

Badania magnetyczne dwurdzeniowego kompleksu (lztea)(2-
nitrobenzoesan)-2(H,O) (Hstea=trojetanoloamina) z kwasem 2-nitrobenzoesowym
skoordynowanym monodentnie, wykazaly zn@ez oddziatywania ferromagnetyczne
(J = -100 crit) [13]. Jony Cu(ll), ktérych odlegié Cu-Cu wynosi 2.9187 A, patzone s
podwojnymi  mostkami tlenowymi typu alkoksylowych, oghodacymi od dwdch
trojetanoloamin. Zaangawanie pozostatych trzech donoréwz#ej trojetanoloaminy (azotu
i dwoch tlendw) w dalsze chelatowanie jonu Cu(lymusito obnienie kta Cu-O-Cu do
96.7. Jest to kt nieco wikszy od kta 90, ktérego istnienie wykluczytoby jakiekolwiek
naktadanie orbitali metalu i mostka powaoglujzerowy wktad & do J. Wyznaczone
teoretycznie rénice energii midzy symetrycza i antysymetrycznym kombinagjorbitali
magnetycznych (metali i mostkéw) oraz catki nakf@damidzy orbitalami magnetycznymi
nie bylty zerowe, choniewielkie. Dowiodto to istnienia nieznacznego adi Ar do J przy
znacacym udziale g decydugcym o ferromagnetyzmie kompleksu. Symulacja bardzo
dobrze rozdzielonych sygnatow EPR (badanych w pelkrita HF), wywotanych przégiami
rezonansowymi w okbie najniszego stanu S=1, ujawnita bardza:elwozszczepienie ZFS
ktéremu odpowiadaly D = -1.135 émE = -0.0430 ci. Relacja sktadowych tensora g
dowiodta, ze niesparowany elektron jest typw.¢b. Wyznaczenie na podstawie widm HF
EPR znaku D, gdy spetniony byt warunekH'kT, pozwolito oceni udziaty P i D"¥™ do D
I oszacowa catke wymiany mgdzy stanem podstawowym jednej miedzi i wzbudzonym
drugiej miedzi jako ,d.yox= - 425 cm, ktérej ujemna warkg wykazata charakter
ferromagnetyczny.
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The free radicals are important transient speciesmiany chemical reactions,
especially in radiation chemistry, photochemistatalysis and astrochemistry. However, the
identification of free radicals is difficult becausf their high reactivity. The EPR study of
radiation induced free radicals at low temperaturesatalytical systems can bring new
results making possible better understanding dfaagalytical processes.

We present the study of paramagnetic carbon cemfenerated radiolytically in
molecular sieves with adsorbed carbon oxide.

A, The combinations of Electron
N Paramagnetic Resonance (EPR)
f B technique and guantum
z chemical computation have

L

T ey been applied in order to identify
a) _/ the radical centers and define
— Vi e their geometry and reactivity.
In zeolites with different
b)

structures and Si/Al ratios

exposed ta"CO and irradiated
4/\/\/ at 77 K, three EPR doublets
representing four types of
c) , carbon centered radicals were
] \/ detected. The EPR doublet A
d) was observed in all studied
/\/ /\/ zeolites. (Fig. 1)

——T—T—— ————T——T——T—— In zeolites with Si/Al ratio equal
35 320 326 330 335 340 345 350 355 360 365 tO, 1 (X, LTA) |t I’epl’esents

Jat center A: [ESi-O-Al=)-COJ
Fig 1. Experimental (a) and simulated (b-d) EPBctm and in high silica zeolites
of y-irradiated H-2SM-57CO zeolite [1] mostly centers A': §Si-O-

Si)-COJ*. (Fig 2a)
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a) b)

\

Fig2. The geometries of centers A (a) and B (IO radical cation is bonded to lattice oxygen
linked Si and Al atoms (center A) or connectedetortinal Si atom (canter B)

The experimental values ofi§**C] hyperfine splitting for doublet A change in trenge
24.7 — 29.3 mT depending on Si/Al ratio and zeditecture.

In contrast to centers A and A’, centers B are mieseonly in three types of zeolites:
FAU Y3080 ZSM-5 and MOR. The g-factor ands4'°C] values for center B are the same in
different zeolite structures ( B:i# = 21.4 mT, g, = 2.0002) and do not change with
temperature in the range 77 — 300 K. Centre B sgmting £Si-O' C structure (Fig. 2b) is the
most stable of all observed centers and its EPRIdbis recorded even at room temperature.

Differences of the AJ**C] values for centers A and A’ are directly relatectarbon
center geometry. When geometry of center A (orereAt) favors sp carbon hybridization,
then higher AJ'C] values are recorded. For centers in which garbtoms have
hybridization with higher contribution of p orbitdhe As'°C] values are lower. The
hypothetical equilibrium structures we propose ityeaescribe the dependences between
local geometry of paramagnetic centers A and A'taed magnetic properties.

In high silica Yaogozeolites the exceptionally large.fA°C] value for carbon center
was detected. We assigned it to th@O radical which is located in immediate vicinitf o
EFAL (extra framework aluminum) species. It waswhdor the first time with the use of
EPR spectroscopy that EFAL species in zeolites trpédy an active role in stabilization of
different types of carbon radicals.

The presented results considerably extend the launel of structure and stabilization
of carbon-centered radicals in zeolites. They mayubeful to clarify the mechanisms of
catalytic reactions of CO in zeolites.

This work was supported by the Polish National &@@eCentre grant No. 01/N/ST4/04025.
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[. Introduction

During last decades considerable interest appearsstiidy of glasses activated with
transitional metals ions as promising functionakenals, including V-doped borate glasses.
The electron paramagnetic resonance (EPR) andabpstectroscopy are powerful methods
for study of the electron and local structure dfivator centres in the crystals and glasses.
Vanadium has been widely investigated in a varigtiiost systems, as*V(3d", °Ds/») ion
and more often as stable oxo-vanadium molecular(®?* or vanadyl) [1]. The ¥ ions
usually are located in the tetrahedral coordinatiod are characterised by short spin-lattice
relaxation time (1), therefore their EPR spectra, generally, canlis=ved at K 77 K. The
VO?* centres usually are located in a pyramidal omdistl octahedral coordination and have
a long spin-lattice relaxation time, so their EPpedra can be easily observed at room
temperature (RT) [1]. Besides isolated \¢entres the associated™\~ V** pair centres were
observed in the EPR spectra of some glasses, ydarticin the lithium tetraborate glasses
with xV,0s(100 — x) [2BOs — Li,O] composition [2]. The Cii — V** and Mif* — V** pair
centres were observed also in EPR spectra of thepplate glasses wikMnO, V,0s)(100 —
X)[2P205 — N&O] andx(CuO, V-0s)(100 —x)[2P,0s — NaO] compositions [3]. Also the CGli
— V* pair centres were observed and investigated irtithgsten-phosphate glasses of the
P,0s5 — V,05 — CaO — CuO system [4].

At present time the EPR and optical absorption tspegere investigated in the V-doped
Li».B4O7 [2], SrB,Oy [5], and alkali calcium borate glasses [6], wher@eathe V-doped glasses
with 10RO — 25PbO — 62); (R = Li, Na, K) compositions the EPR spectra were
investigated only [7]. In this work EPR and optialkorption spectra in series of glasses with
Li.B4O7:V, LIKB 407V, CaB,07:V, and LiCaBQ:V compositions have been investigated.

Il. Experimental details

The V-doped borate glasses of high optical quaitgd chemical purity with LD — 2B0O3
(Li2B4O7), 1/2(LiO — KO — 4B0s), (LIKB40O;), CaO — 2BO; (CaB,0y;), and 1/2(LiO —
2Ca0 — BOg3) (LiCaBOs) basic chemical compositions were obtained fromresponding
polycrystalline compounds by standard glass symhesthod according to technological
conditions, which are described in [8].
Carbonates (CaG{Li»,CO;, KoCO3) and boric acid (kBOs3) of high chemical purity (99.999
%, Aldrich) were used for synthesis of the,B40;, LiKB,O; CaB0O,;, and LiCaBQ
polycrystalline compounds. The vanadium impuritysvealded to the raw materials agOv
in amounts 0.5 and 1.0 mol. %. Solid-state synghekithe borate compounds were carried
out using multi-step heating chemical reactionscdbed in [8]. The LB,O;:V, LIKB 40::V,
CaB,0;:V, and LiCaBQ:V glasses of high optical quality were obtainedfést cooling of
melts, which have been heated more than 100 K hitite¢ the melting temperatures for
excluding the crystallisation processes.

The X-band EPR spectra of the V-doped borate glasssre registered at RT using a
RADIOPAN (model SE/X-2013) computer controlled Spewmeter. The work microwave
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frequency of EPR spectrometer was determined vatlgel a Hewlett Packard (model 5350B)
frequency counter. The optical absorption specteewecorded at RT using a Varian
spectrophotometer (model 5SEUV-VIS-NIR).

[1l. Results and discussion
The EPR spectra and spin Hamiltonian parameters

In all Li,B4O7:V, LIKB 407V, CaB0;:V, and LiCaBQ:V glasses at RT were registered
practically similar EPR spectra, which are chanastie for glassy compounds. Typical EPR
spectra for LiB4O7:V and LiCaBQ:V glasses are presented in Figs. 1 and 2, respbcti

- ] 1000
500 | Li,B,0,:V glass | A[ (51\/02*)
7 (@) V,O,- 0.5 mol.% = 800 - g
'c (b) V,0,- 1 mol.% E L o
= 600 |- 5 J
e (b) T=300 K 5 800
5 | s | ®)
00 -
D 400 | \ Q4
= F e3+ §< L
) | / 51y 2+ T 2001
> 200 VO 2
3 2 of
c + @ b |
g o = Li,B,O,V glass
~a x *° (@) V,0- 05 mol.%
& r W 0L () V,0-1mol% A” (51voz+)
200 + T=800K | ! ! | ! L
L 1 L 1 L 1 1 1 1 1 1 " -600 I 1 I 1 I 1 I 1 I 1 I 1 I 1 n 1 n 1 " 1
50 100 150 200 250 300 350 400 450 500 220 240 260 280 300 320 340 360 380 400 420
Magnetic field, B [mT] Magnetic field, B [mT]

Fig. 1. The EPR spectra of theBiO7:V glasses.

One can notice that characteristic for glassy camgs intense EPR signal wighas (14.29
(Figs. 1 and 2) was observed in all investigatechieoglasses and was assigned to tHé Fe
(3d®, °Ss/») non-controlled impurity ions [9].

The characteristic 16-component EPR signal (Figsid.2) corresponds to 8 parallel and 8
perpendicular lines of the axially-symmetric hypesfstructure caused by interaction of the
unpaired (8Y) electron with nucleus of thé'V isotope (nuclear spirl = 7/2, natural
abundance — 99.®). This 16-component EPR signal (Figs. 1 and 2ypgcal for other V-
doped borate glasses [2,5-7] and according to §ldrigs to the V& (vanadyl) molecular
ions, because it is observed at RT. Thus, six-doatéd by oxygen ¥ ion in the
investigated borate glasses, tends to form mole&(@* (vanadyl) ion, when one of the six
O? cations is nearer the®Vion than are the others, so there is strong aditbrtion
(compression) of the oxygen octahedral complex.

Observed in the investigated borate glasses EP&rapef the VG' centres satisfactory
have been described by spin Hamiltonian (SH) adlssgmmetry in the following form:

I:[ = g||ﬁBzéz + gDﬁ(Bxéx + Byéy) + '%SAZIAZ + A](SAXIAX + SAyl,\y) ’ (1)

wheref is the Bohr magnetomy andgy are principal values of the axigitensor,Ay and A
are principal values of the axiattensor describing the"v hyperfine structure. The spin
Hamiltonian parameters of the VQxentres for all investigated borate glasses waleiated
using the measured positions of resonance lingearexperimental EPR spectra and work
microwave frequency of the radiospectrometer aedyathered in Table 1.
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Table 1. Spin Hamiltonian parameters for ¥@entres in the investigated glasses. The expetahen
errors for obtained;, g- andA, A; values are equal + 0.005 and + 0.5 £ tén', respectively.

Glass V205 content Ay, Ag,
composition  [mol. %] 9 9 [10“ cm™] [10“ cm]
Li,B,O::V 0.5 1.946 1.967 168.1 71.3
Li,B,O::V 1.0 1.945 1.969 168.3 70.6
LiKB 40::V 0.5 1.916 1.939 161.7 58.8
LiKB 40::V 1.0 1.907 1.934 160.0 59.9
CaB0O.V 0.5 1.956 1.976 165.5 63.4
CaB0O.V 1.0 1.946 1.973 168.9 68.6
LiCaBOs:V 0.5 1.949 1.963 165.5 69.2
LiCaBOsV 1.0 1.949 1.970 165.1 69.7

Calculated SH parameters (Table 1) are only wed&pendent on basic glass composition
and practically independent of the V concentratigthin the uncertainties of measurements.
The SH parameters of \fOcentres in the investigated glasses show goocamgnet with SH
parameters for V& centres in other V-doped borate glasses [2,5-FlisTthe V" ion in
borate glass network is located in the octahedt@lvdth a tetragonal compressions({ [2-

7] and form the vanadyl (V&) ion, becausg < gn < ge=2.0023 and\ > A (Table 1).

Additional asymmetric broad EPR signals are cleashserved in the kB4O:V,
LiCaBOs:V (Figs. 1 and 2), and also LikB;:V glasses. In the kB4O7:V glass containing
1.0 mol. % MOs and CaBOy glasses broad EPR signals are very weak. Sogtiteat part of
EPR spectra in the investigated glasses are thermogition of the V@ and broad EPR
signals. Calculated spectral parameters of thedded*R signals are presented in Table 2.

900
[ i : 1000 |-
@ 800 LiCaBO,:V glass - A g
€ - (a) V,0- 0.5 mol.% 2 / L (Vo ? ‘
S 700 - L
= I () V;0,- 1 mol % e pair centres
S, 600 Ee T=300 K g,
D 50| € m 600
a L
§< I / 5102+ S
T 40T & a00
2 a0f =
0 + 5
g 200 (b) % 200
= 100 £ LiCaBO,V glass
o I @ ®  OF (a)V,0,05mol%
w0 i . w (b) V,Or- 1 mol% A ('vo™)
100 b pair centres -200 - T=300 K o
£ 1 N 1 N 1 N 1 N 1 N 1 N 1 N 1 N L 1 L 1 L 1 N 1 N 1
100 150 200 250 300 350 400 450 500 200 250 300 350 400
Magnetic field, B [mT] Magnetic field, B [mT]

Fig. 2. The EPR spectra of the LiCaB®glasses.

Analysis of the broad EPR signals and their paramadiTable 2) shows that their peak-to-
peak linewidth 4Bpr) decreases with increasing of thgl¢ content in the glass composition.
The g-factor value of broad EPR signals increases (Tabland hyperfine structure of the
VO?* centres more clearly observed in the samplesmvitte large ¥Os content (Fig. 2). The
observed effects indicate that the broad asymmesigitals in the V-doped borate glasses are
connected with the ¥ — V** pair centres, coupled, generally, by magnetic ldipipole
interaction. Decreasing of theBpp with increasing of YOs shows the influence of exchange
interaction between the nearest-neighbouring cenfree asymmetry of broad EPR signals
can be connected with presence tt& VFé* and F& — Fé* pair centres, besides thé"\.
V* pairs. This suggestion is based on the refereB&l data for other glasses [2-4] as well
as structural and spectroscopic data for investithgtasses [8,10] showing close localisation
of the V** and F&" impurity ions in the same Li (K, Ca) cationic sitef the glass network.
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Table 2. Spectral parameters for broad EPR sigabierved in the investigated borate glasses.
The experimental errors for obtaing@ndABppvalues are equal £ 0.05 and £ 1 mT, respectively.

Glass composition Vz[?n50(|:'o(% ]e nt g [AIT?—'FT
Li,B4,O7:V 0.5 2.12 75
Li,B,O7:V 1.0 broad week signal broad week signal
LiKB 407:V 0.5 2.10 84
LiKB 407:V 1.0 2.12 75
LiCaBOs:V 0.5 2.15 119
LiCaBOs:V 1.0 2.20 114

The optical absorption spectra and their analysis

The singled-electron of the ¥ ion occupies thexd orbital in the octahedral crystal field and
gives rise to théng ground state. When the*Vion is excitedgd-electron occupies the upper
gy orbital and gives rise to thE, term. In an ideal octahedral symmetry,XConly one
absorption band arising from tﬁgé’zg—>2Eg transition is expected. However, thé"\ion
never exhibits an ideal octahedral symmetry, butels to tetragonal (&) or even lower
symmetries like &,, because of the non symmetrical alignment of thre ® bond that gives
the vanadyl (V3 ions. In the site with & group of local symmetry, th%l’zg level of the
VO™ ion splits into”B, and °E, sublevels, whereas ti&, level splits into’B; and °A;
sublevels. In this case three absorption bandsxected due to transitions from the ground
(°Byy) state to the excitedHy, *Big, and®A;y) states [2,5,6]. Generally, the ordering of the
VO?* energy levels is as follow&B, < °E <?B; <?A,.
Optical absorption spectra of the.ByO7:V, LIKB 407V, CaB,0;:V, and LiCaBQ:V glasses
are closely similar and consist of two clearly alied absorption bands, which are shown and
identified in Fig. 3.
Wavenumber, v [10° cm™]
10

(@ LiB,0;V

(b) LIKB,O,: V

V.0, - 1.0 mol. %
31 T=300K

Absorption coefficient, [cm'l]

T T T T T T T
500 1000 1500 2000
Wavelength, A [nm]

Fig. 3. The optical absorption spectra of theBLO,:V and LiKB,O;:V glasses.

According to the presented above theoretical cemattbn and discussion the observed
optical absorption bands in the investigated bogédseses have been assigneaBg] — 2Eg
and282g — zBlg transitions of the V& centres in the sites withugroup of local symmetry.
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Third, high energy absorption band correspondinghafBzg — 2Alg transition only weakly
reveals on the fundamental absorption edge ofntyestigated glasses.

IV. Conclusions

The characteristic EPR and optical absorption speaftthe VG3* centres in LiB4O7:V,
LIKB 40;:V, CaBO7:V, and LiCaBQ:V glasses have been investigated at T = 300 K. The
spin Hamiltonian parameters of EPR spectra of t@"\tentres in all investigated borate
glasses are determined and analysed.

Based on the calculated spectral parameters aagkneed data, the additional isotropic broad
EPR signals in the kB4O;:V, LiCaBO;s:V, and LiKB4O7:V glasses have been assigned to the
(V¥ — v, (v* = Fé"), and (F&" — F€") pair centres, coupled by magnetic dipolar
interaction.

The observed optical absorption spectra of thé \@@ntres in the sites with4 group of
local symmetry of the investigated borate glassessatisfactory described in framework of
crystal field theory.
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The aim of this study was the characterizing efititeractions between copper Cu and
manganese Mn cations placed in Y zeolite. The reBe@as done with applying the electron
magnetic resonance (EMR) method. Mixed compoundpper and manganese have many
applications in laboratory and industry, e.g. itabsis.

There are some examples of compounds, where thiaation between copper Cu and
manganese Mn cations was investigated in dopedatsysBraski [1] has investigated
Cu_Mn,SO, 5H,0 samples in the form of single crystals and pgfstals. The objective of
his study was to determine the dependence of thammders of electron paramagnetic
resonance (EPR) spectra on the relative concemtrati both cations in the sample. The
existence of the two EPR spectra responding to eo@pf” and manganese Mhfor each
component was not observed. Najder-Kozdrowska, &agiz, and Wi¢ckowski [2] have
made attempts to obtain the compound CuMm® the system CuSEKOH-KMnOQy, in
which a reaction occurs resulting in the reductidrKMnO,4 to K;MnQO,4. The obtained EPR
spectrum was very difficult to analyse. The comgb@uMnQ, is unknown till now, and
probably this compound with the electron structDi&Mn’*0O, or CLF*Mn®*0, does not exist.

In the nature the mineral crednerite CuMn® known. We have decided to prepare
for our study a compound with spinel structurgOA The name of this group of compounds
is taken after the mineral called spinel Mg@J.

Stoichiometric spinels (daltonides) containing tkimds of cations with different
valence, and oxygen anion$ Ohave the general formula AB,. In the elementary cell of a
spinel 32 oxygen anions’form a cubic close-packed lattice. Between the eryanions are
64 holes of tetrahedral symmetry (coordination nemb 4) and 32 holes of octahedral
symmetry (coordination number = 6). Only 8 tetrahédholes (from 64) and 16 octahedral
holes (from 32) are occupied by cations A, B. Tlaions are distributed among two
sublattices, one formed by the four-oxygen-coondidatetrahedral A sites, and the other
formed by the six-oxygen-coordinated octahedraltBss For the configuration [A]B2]gO4
we have the so-called normal spinel structure. Wihenhalf of the cations occupying the
octahedral sites B are exchanged with all catioosupgying the tetrahedral sites A, the
configuration [BA[AB] sO4 have the so-called inverse spinel structure. $pinewhich only
a part of cations from octahedral sites (less Bam an elementary cell) is exchanged with
cations of tetrahedral sites are called partiallyerse spinels [A;B;]a[A2B 25]804, Wwherel
is the inversion degree, e.g. for magnetitéFe*,0,, L = 7/8, and for a fully random
distribution of cations A and B, = 2/3. The stoichiometric spinels containing cappa and
manganese Mn are &¥n**,0, and C4",Mn*0s.

Non-stoichiometric spinels (bertholides) containing kinds of cations with different
valence and oxygen anions"Dhave the general formula,BeOs. The structure of the
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elementary cell of a non-stoichiometric spineldernitical with the structure of the elementary
cell of a stoichiometric spinel.

In the non-stoichiometric spinels containing copparand manganese Mn, beside the
cations C@", Mn**, Mn**, occurring normally in stoichiometric spinels, athe cations Ciy
Mn?* are present, which arise during the reactions

Cl'+Mn*" - Cu +Mn*™ and 2MA" — Mn®" + Mn*".

The ionic configuration of a non-stoichiometric regi with the formula CiMn3_4O4 and the
distribution of cations between the tetrahedralnd ¢he octahedral B sites can be written in
the form [CU, Mn?'s CU**, Mn®*1 g ]a [CU oy MN**3 0y gy MN*iap 1B Os .

When the spinel additionally contains zinc cati@n§ and has the formula ¢ZnMns.,,Oq, the
ionic configuration becomes [GuMn®™; CU, Zrn™y, Mn®* 5. Ja [CP ey MN*300yp0
Mn4+x+y+a+3_1]5 O,.

In the ionic configurations given above, the follog conditions are fulfilled: sum of Cu
atoms = x, sum of Mn atoms = 3 — x, sum of cationgetrahedral A positions = 1, sum of
cations in octahedral B positions = 2, sum of pasitharges of cations = +8. The cations
Mn** are preferring the location in octahedral B sit@sd the cations M#, Cu’, Zré* in
tetrahedral A sites (Verwey and Heilmann [3]). Bagions Mri* and C@" can be located in
A and B sites. Mffand Cd" are typical Jahn-Teller cations (Mn high-spin-d, Dy and
Ccu?, &, ?Dsjy), which are responsible for the lowering of thensyetry of the structure of
spinels from cubic to tetragonal.

Vandenberghe and Robbrecht [4] have stated thetstadle cubic spinels can be only
obtained for the fraction range 1.86x < 1.5 at room temperature and the stoichiometric
cubic CuMnQ, cannot exist as a single phase. In the spine@n; 50,4 the tetrahedral Cu
cations are stable in the presence of octahedrdl & Mri* cations. Gillot, Buguet, and
Kester [5] investigating the high-temperature comms CuMnO, (tetragonal) and
Cu.sMn; 504 (cubic), excluded the occurrence of?Ceations in tetrahedral A sites. Wei,
Bieringer, Cranswick, and Petric [6] cleared sommnsistencies existing in the literature on
this subject. They compared results on investigahigh-temperature GMn3s O, spinels
and quenched samples and stated that spinels witfinaous composition between b0y
and CuMnO, have cubic symmetry at high temperatures and duegoof samples and
increasing of Cu content leads to lowering the sytnynof the spinel structure. The authors
came to the conclusion that copper Cu prefers dlraltedral sites and manganese Mn the
octahedral sites.

Cu-Mn mixed oxides show a high catalytic activitgar room temperature in the
oxidation of CO (e.g. hopcalite), in the low termgttere reduction of NO with N§land other
chemical processes.

Fierro, Morpurgo, Lo Jacono, Inversi, and Petiilihave performed a preparation and
characterization of different Cu-Zn-Mn oxides basathlysts.

It has also been reported in the works of Fei, Yatgu, and Zheng [8] and of Fei,
Hou, Zhu, Lou and Zheng [9] that HY zeolite suppdrCu-Mn-Zn oxides are active catalysts
for dimethyl ether (DME) synthesis from syngasdiigect CO hydrogenation

3CO +3H — (H3C):0 +CG.
One of the components of these catalysts is thestmohiometric spinel GuMn1 ¢O4 beside
other Cu-Mn-Zn oxides.

There are not numerous papers devoted to the sfucympounds containing copper
Cu and manganese Mn, where the electron paramegestinance (EPR) spectroscopy was
used. Bandyopadhyay [10] studying the interactietwken copper Cu and manganese Mn
cations in soda-borate glass found that there esinteraction between these elements
giving rise to exchange coupled T:Mn?* cation pairs. Bennur, Srinavas, and Ratnasamy
[11] investigated the structural basis of coppera@d manganese Mn Schiff base complexes
in NaY zeolite. The EPR method has allowed distisigng the neat and surface-adsorbed
complexes from the encapsulated complexes in tipersages of NaY zeolite. Santiago-
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Teodoroet al found in CaMn@ by EPR the formation of a mixed valence stat®of* and
Mn** [12]. Similar exchange interactions between®Mand Mrf* in CaMnyOs were found by
Najafpouret al [13].

In the present study, commercial NaY (KatalistikgaHY zeolites modified by copper
Cu, manganese Mn, and zinc Zn containing compoumel® prepared according to the
procedure given in [9]. The amount of Cu-Mn-Zn nuxexides on zeolites was 5 and 10
wt.%. The catalysts were characterized by the us&RD, UV-Vis, IR spectroscopy.
However, the main technique applied in this studg the EMR spectroscopy.

The XRD and IR studies confirm that the crystalicture of the zeolites was maintained.
XRD investigations for the catalysts show that thesthe diffraction peaks from zeolites,
additional two reflections at/2= 35.7 and 36.4 appeared.

X 16

|[2000

Cu-Mn-Zn/NaY

Cu-Mn-Zn/HY

Cu-Mn-Zn/NaY

Intensity [a.u.]

Intensity [a.u.]

Cu-Mn-Zn/HY

.-Ww_
— 11500

. ; .
10 20 30 40 50 60 .
2 Theta [°]

Cu-Mn-Zn spinels

Fig. 1. XRD pattern of Cu-Mn-Zn mixed oxides on Naivd
HY zeolites

250 300 350 400
Magnetic field [mT]
Fig. 2. EMR spectra of Cu-Mn-Zn mixed

oxides on NaY and HY zeolites recorded at
293 K.

Comparison of the XRD profiles of modified zeoli{@® wt.%) and the precursor annealed at
450 °C (Fig. 1) with the database JCPDS-Internationaht@efor Diffraction Data has
allowed these two reflections to assign to 1N, 0, and ZnMnO, or/and
Cup.sZno.sMn,04. The Cu.sMny ¢O,4 binary oxide has a spinel structure with latticestanta
= 8.305 A and space group Fd-3m(227). The secdtettien at 2 = 36.4 can be attributed
to ZnMn,O, or/and CygsZngsMn,O4, both having a spinel structure. It has tetragonal
symmetry with space group 141/amd(141). Howevethia case a direct distinction between
zinc and copper-zinc manganite due to the verylaimalues of network parametexs 5.73
A, c =925 A anda = 5.72 A,c = 9.23 A is very difficult. The zinc and coppénz
manganite spinels are present in a smaller amount.

The EMR measurements were carried out with an XtbBRR spectrometer type
SE/X 2547 RADIOPAN. The operating microwave freguewas in the range 8.9 GHz with
a magnetic field modulation of 100 kHz. For all $gd@s being under investigation the spectra
were recorded at room temperature (293 K) andjaidinitrogen temperature (77 K).
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The EMR measurements of the NaY and HY zeolite supf with the the Cu-Mn-Zn
mixed oxides (10 wt.%) gave EMR spectra, consisbiigur types of EMR lines (Fig. 2.):

* A very broad EMR line for which with lowering thermperature its intensity was
strongly increasing and the linewidth was decregsiiis line we have attributed to
the antiferromagnetic spinel €Mn; ¢O..

* A characteristic powder spectrum with anisotropytieé g-factor and the hyperfine
splitting a consisting of four hyperfine structure (hfs) linggich could be attributed
to a paramagnetic copper €wwomplex (). The hfs lines come from the interaction of
the unpaired electron with the isotof€u nucleus (nuclear spin= 3/2, abundanca
= 0.69) and the isotog&Cu nucleus (nuclear spin= 3/2, abundanca = 0.31), both
isotopes having nearly equal values of nuclear m@&gmoments.

* A similar spectrum to the previous one, which wiislbauted to a second paramagnetic
copper C&" complex {1 ).

* A nearly isotropic spectrum consisting of six hisek, attributed to a paramagnetic
manganese Mt complex, which is characteristic for the interawtiof the unpaired
electron with the isotop®Mn nucleus (nuclear spin= 5/2, abundanca = 1). These
lines were observed only on the Cu-Mn-Zn/HY but mot the Cu-Mn-Zn/NaY
samples.

Parameters of EMR spectra for samples containingl@«n spinels supported into

different zeolites (fresh samples) are given inl@dh

EMR spectra, which were recorded at liquid nitrogemperature (77 K) differed

significantly from those at room temperature (293 Khe EMR spectrum of Cu-Mn-Zn/NaY
showed only one line attributed to antiferromagnepinel CusMn; ¢O4.(Fig. 3). Of all the
lines of Cu-Mn-Zn/HY the broad is dominant (Fig. 4)

250 300 350 400
Magnetic field [mT]

1| 500

Intensity [a.u.]
Intensity [a.u.]

1 n n n
% o (@) o Q

250 300 350 400
Magnetic field [mT]

Fig. 4. EMR spectra of Cu-Mn-Zn mixed oxides

on HY zeolite after evacuation for 2h and heating
at different temperatures: a-fresh sample, b-373
K, c-473 K, d-573 K, e-673 K. Spectra recorded

at 77 K.

Fig. 3. EMR spectra of Cu-Mn-Zn mixed oxides on
NaY zeolite after evacuation for 2h and heating at
different temperatures: a-fresh sample, b-373 K, c-
473 K, d-573 K, e-673 K. Spectra recorded at 77 K.
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Table.1. Parameters of EMR spectra (resonancesfigld [mT], linewidths 4B,, [mT], g- factors, hyperfine
splittingsa [mT]) for samples containing Cu-Mn-Zn spinels soppd into different zeolites (fresh samples).

Cu-Mn-Zn Cu complex (1) Cu complex (Il) Mn complex
spinels

Support| Loading | T Bes | 4By | g a 9o 9i 3y 9o 9 a
[%0] (K] | [mT | [mT] [mT] [mT] [mT]

NaY 10 293 | - - 236 | 12.3 | ~2.06| - - ~2.06 | - -

zeolite 77 3225|438 | - - - - - - - -
HY 5 293 | - - 2,37 | 12,4 | ~2.08| 2.33 | 15.7 | ~2.08 | 2.002 | 9.5

zeolite 77 320.3 | 41.3 | - - - - - - - -
10 293 | - - 237 | 125 | ~2.08| 2.33 | 15.6 | ~2.08| 2.001 | 9.6

77 321.,2| 47.0 | - - - - - - - -

without | 100 293 | 325.0 | 103.1 | - - - - - - - -

support 77 - - - - - - - - - -

Additionally, the samples Cu-Mn-Zn/NaY and Cu-MnfAN were evacuated at

different temperatures. The EMR spectra recordedoatn temperature do not show
significant changes of the lineshape and the lmensity. But at liquid nitrogen temperature
(77 K) for samples heated and evacuated at 673KMR spectrum became much lowered
in its intensity. It is worth noting that for tharmmple Cu-Mn-Zn/NaY the line intensity was
lowered by one order of magnitude. This indicatesexistence of different strength of
interaction between the zeolites and the Cu-Mn-Zxeth oxides caused by differences in
acidity of the NaY and HY zeolites.
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Komunikat
BADANIE MECHANIZMOW DEGRADACJI POLIMEROWYCH MEMBRAN
PROTONOPRZEWODZACYCH METODA ELEKTRONOWEGO
REZONANSU PARAMAGNETYCZNEGO
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e-mail: kruczala@chemia.uj.edu.pl

Poprawa stabilri@i polimeréw protonoprzewodeych w agresywnych warunkach
typowych dla pracy ogniw paliwowych (FC) to jedengwaniejszych celéw badawczych w
aspekcie rozwoju FC opartych na membranach jonom@in Podgcie tej tematyki wynika
Z rosmcego zainteresowania ogniwami paliwowymi, w ktoryole elektrolitu petni polimer
protonoprzewodcy (Polymer Elyctrolyte Membrane Fuel Cells, PEM)FOgniwa te &
niezwykle obiecuyjcym alternatywnym zrédtem energii do zastosowaw przemyle
samochodowym, oraz jako mobilne generatory engtfiMembrany w trakcie pracy ogniwa
paliwowego s wystawione na erozyjne dziatanteodowiska. § one poddane dziataniu
utleniapcych reakcji zachodzych po stronie katody jak réwriewykazupcej silne
wiasciwosci redukuace anody. Dodatkowo produktami ubocznymi reak@kebdowych s
hydrokso (HO) i hydroperokso (HOQ rodniki, ktére mog degradow& PEM. To widnie
chemiczna degradacja polimeréw protonoprzewoglzh pod wplywem ataku rodnikow
powstajcych w trakcie pracy ogniwa jest ug@ma za gtdwny czynnik powodigy
degradacje membran. Dlatego z teobecnie prowadzone badania skierowane ra
poszukiwanie metod umibiwiajacych syntez oraz stabilizag polimerow, ktére bda w
stanie wytrzyméawysoce erozyjnérodowisko pracy PEM FC [2].

Doktadne okr@lenie mechanizmow degradacji ma istotne znaczenikomtelicie
zwickszenia stabilnd@ membran #@ywanych w ogniwach paliwowych. Z uwagi na nie
ekologiczny  proces produkcji  fluorowanych  jonomeréwzbadano  stabilr$o
weglowodorowych polimeréw [3] megych znale¢ zastosowanie w ogniwach paliwowych
na przyktadzie komercyjnego polimeru Parmax oralz(gkoholu winylo-co-etylenowego)
funkcjonalizowanych grupami sulfonowymi.

a) sParmax b) PEVA-PS-GA
CIIH—O—CH.‘,-CHZ- CHZ-CHZ-CHZ—O—(i:H
OH CH, CH,
i i
Q CH-0—CH;CH; CH, HO—CH
<|3H-0H ?Hz HO—CH
o CH, SO;H CH,

| |
CI:H-O—CHZ-CH;CH;CH;CH;O—?H

Dl g 0

CH, HO—CH

HO,S SOH CH-0—CHz CHzCH, CH,
CH-OH CH, HO—CH

n SO,H m

Rys. 1 Schemat budowy polimeréw protonoprzewoyeh (a) sParmax i (b) PEVA-PS-GA
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Membrany otrzymane z sulfonianu poli(benzoilopamngfenu) (sParmax, rysunek l1a)
metody odparowania rozpuszczalnika charakteryzowaty siobrymi wi&ciwosciami
mechanicznymi, wysakzawartdcia grup sulfonowych i dobrymi parametrami sorpcyjnymi
Ekspozycja polimeru na degradey wpltyw podwyszonej temperatury wskazata na jego
odpowiedna stabilng¢ termiczry do zastosowaw ogniwach paliwowych. Na podstawie
wynikéw uzyskanych metadanalizy termograwimetrycznej stwierdzori, pierwsze etapy
degradacji polegajna odszczepianiueigrup sulfonowych od fecucha polimeru. Niemniej
jednak zakresy temperaturowe, w ktorych takie mwceachodz sa znacznie powsej
temperatur proponowanych jako optymalne do pracyvegaliwowych. Badania przyzciu
spektroskopii FTIR rownie potwierdzity wysol odpornd¢ termiczr sulfonowanego
Parmaxu. Pierwsze oznaki degradacji polimeru obseemo dla probek degradowanych w
temperaturach powgj 200°C. Dodatkowo zaobserwowano rowhnieze dla probek
degradowanych w zakresie temperatur od 100 do %®50procesy odszczepiania grup
sulfonowych oraz degradacjinleucha polimeru biegnrownolegle wzgidem siebie. Dzki
zastosowaniu metody putapkowania spinowego (DMPOpokiczeniu z eksperymentami
in situ, wykonywanymi na mikroogniwie paliwowym pragaym bezpérednio we wrce
rezonansowej spektrometru EPR, opracowano modekatimovych etapoéw degradacii
polimeru. Badania te umbwily detekcje i rozrgnienie poszczegoéinych rodnikow
powstagcych w trakcie pracy FC zaréwno po stronie anodkyij&atody. Zaobserwowana
obecnaé¢ rodnikéw H (D°®) tworzacych sk po stronie katodywiadczy o dyfuzji tych gazéw
przez medium membrany. Istotnym jest réwniakt braku obserwacji rodnikéw maegych
pochodzé¢ od zdegradowanego polimeru w trakcie prowadzerddabin situ W celu
wykrycia rodnikowych produktow przaiowych degradacji SPARMAX przeprowadzono
eksperymentyex situ wodnej dyspersji sParmaxu otrzymanej przez po&damémbrany
dziataniu par nadtlenku wodoru co doprowadzito drygpieszonej degradacji (rys.2).

Z tak zdegradowanego polimeru otrzymano roztwdég (g8Barmax) o steniu 1 %
wag, ktéry poddawano nagnie dziataniu rodnikéw HOi HOO® w obecnéci putapki
spinowej DMPO. Rodniki byly generowane na drodzeliny H,O,. Widma EPR otrzymane
na podstawie tak prowadzonych eksperymentow praegiso na rysunku 2. Na podstawie
analizy parametrow spektralnych obserwowanych afbduk przyporadkowano je
sputapkowanym rodnikom Phi PhC'. Przeprowadzone eksperymergy situ umazliwity
obserwacje tworzeniaesiodnikéw PB- i PhC’. Zaproponowano mechanizm degradaciji tego
polimeru, ktéry prowadzi do powstawania rodnikowndksylowych i jest wynikiem
eliminacji wody, ktéry nagpuje pod wplywem ataku rodnika HQha tacuch polimeru
(rys.3).

Wykonane badania pozwolity dowie iz sulfonowany sParmax jest bardzo dobrym
kandydatem na elektrolit w polimerowych ogniwachvpawych [4].

Druga badana membrana byta membrana otrzymana na b&&A.PPoniewa
weglowodorowe polimery alifatyczne przewae charakteryzyj sie stosunkowa mat
stabilngcia chemiczi i termiczra konieczne jest znalezienie metody ich stabilizadjy
mogly znale¢ zastosowanie jako elektrolity w PEM FC.

Na podstawie przeprowadzonych bé&dspektroskopowych oraz wnikliwej analizie
doniesié literaturowych zaproponowano dodatek jondw metptzegciowych, jako
potencjalnych stabilizatoréw. Badanie wplywu jon®n“* i Ce* na szybkeé¢ degradacii
jonomeréw prowadzono na probkach otrzymanych naebazvuetapowej modyfikaciji
kopolimeru etylenu i alkoholu winylowego (rysunek)lMembrany otrzymane PEVA-PS-
GA charakteryzowaty sidobrymi wi&ciwosciami mechanicznymi, wysakzawartdcia grup
sulfonowych i dobrymi parametrami sorpcyjnymi. Ba@da przy uyciu technik
termograwimetrycznych, analizy elementarnej oraziRFTpozwolity na monitorowanie
kolejnych etapéw modyfikacji polimeru oraz oeefego przydatnéci, jako membrany
protonoprzewodgej. Zastosowanie techniki EPR pozwolito na zbaglamptywu jonow
Mn* oraz C&° jako potencjalnych wygaszaczy rodnikéw HO Eksperymenty
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przeprowadzone z wykorzystaniem techniki putapkaawaspinowego, zastosowaniem
DMPO, pozwolity na okrdenie wptywu tych jonéw na ik& rodnikéw hydroksylowych
powstagcych w trakcie fotolizy nadtlenku wodoru. Testy gprowadzone z wykorzystaniem
wodnych roztworéw polimeru PEVA-PS stabilizowanyohami Mrf* oraz C&" wykazaty,

ze dodatek tych jondéw zmniejsza dto adduktow DMPO/CR generowanych podczas
degradaciji polimeru rodnikami hydroksylowymi (rys[8].

y 7
(R (. M

DMPO/Ph

a,=15.7 a,=22.6 £=2.0037
DMPO/OPh 22.5%
a=14.4 4,=8.3 ¢=2.0020
a,=1.5

DMPO/OH 24.0%
a=14.4 a,=14.5 ¢=2.0053
DMPO-Deg 51.0%
a,=14.4 £=2.0050|

3360 3380 3400 3420 3440 3460
Pole Magnetyczne / G
Rys.2. Eksperymentalne i symulowane widma EPR ggol@anych rodnikow obserwowanych w uktadzie

degradowany SParmax/DMPO/H202 swatlanym promieniowaniem UV. Addukty spinowe ozpawe
strzatkami odpowiadaj | DMPO/OPhj DMPO/OH; t DMPO/Ph;’ zdegradowana putapka spinowa.

H SO.H H SOH

+H,0,, UV

HO,S SO,H
hv HOO + H
Hz 2
2 HO

Cc
O O
HO,S SOH HO,S SO,H

3 3 3 3

Rys.3. Schemat formowania sodnikéw w sulfonowanym Parmaxie w wyniku degrgdeltemicznej.
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PEVA-PS20/H,0,/DMPO PEVA-PS20/H,0,/DMPO
stabilizowany jonami Ce* stabilizowany jonami Mn*

0,0 %Mn

2,5 %Ce 2,5 %Mn

5,0 %Ce

7,5 %Ce H ﬂ

3470 3490 3510 3530 3550 3470 3490 3510 3530 3550

Pole Magnetyczne / G Pole Magnetyczne / G
Rys.4. Eksperymentalne widma sputapkowanych rodmikbserwowanych w uktadach PEVA-P304/DMPO
domieszkowanych jonami manganu (Il) oraz ceru (iwietlanych promieniowaniem UV.

5,0 %Mn

7,5 %Mn

Podsumowujc, naley stwierdzé, ze przeprowadzone badania dowiodlye
sulfonowany Parmax jest bardzo dobrym kandydatemleidrolit w polimerowych ogniwach
paliwowych oraz udowodnionge w warunkach zhtonych do panugych w pracujcym
ogniwie, domieszki jonéw Géi Mn** maj pozytywny wplyw na trwalé membran
protonoprzewodgych otrzymanych w wyniku dwuetapowej modyfikaappolimeru etylenu
I alkoholu winylowego.
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The zero-field splitting parameter (ZFSP) datasetdransition ions in crystals must
reflect the local site symmetry of a given Mtomplex, where M is a metal ions and L — the
surrounding n-ligands. At triclinic symmetry sitdkge ZFSPs should include for a given rank
(k = 2, 4, 6) all components <kq < +k. If the local site symmetry axes do not cailecwith
the crystallographic axis system (CAS), then theleh@alculations of ZFSPs, which usually
employ the CAS centred at the transition ion, stta@ansider the triclinic-like ZFSP datasets.
Closer analysis is required in order to distinguisé actual low symmetry effects from the
apparent ones. In the paper [1] authors propossaigrehensive approach to analysis of the
low symmetry effects inherent in EMR data for titina ions at triclinic and monoclinic
symmetry sites. The EMR study of *feand Gd* ions in monoclinic zirconia has been
revisited [2]. In this study we analyze EMR da&a4] for G&* ions at different triclinic sites
in CsSrC4, which exhibits different phases. Our approach mases four methods: (i)
modeling ZFSPs using the superposition model aeid torrelation with structural data using
the computer program based on superposition moddbnte Carlo calculations (SPM-
MC)[5,6], (i) finding the principal values of thearious 2nd-rank SH terms and the
orientation of the respective principal axis systemr.t. the laboratory or crystallographic
axis system, (iii) extending the cubic/axial psesydometry axes method [2] to lower
symmetry cases and finding the pseudosymmetrysgsiem for the 4th-rank ZFSPs, and (iv)
employing the closeness factors C and the normssrd® = NA/NB for quantitative
comparison of theoretical and experimental ZFSRs#ds. Our considerations enable better
understanding of the low symmetry effects as welt@rrelation of the principal axis systems
and/or the pseudosymmetry axis systems with therstny-adapted axis systems, which may
be approximately related to the respective metal iigands bonds. The equivalence between
various physically equivalent ZFSP datasets geeéréty the second and third method,
especially those transformed to the standard ragg&oper rotations of the axis systems, is
also studied. This equivalence may be utilizedhim multiple correlated fitting technique to
improve the reliability of the fitted results. Thieal standardized ZFSPs are best to be used
as the starting parameters for simulations anddgtof the EMR spectra for transition ions in
structurally similar hosts. Importantly, the fouethods proposed here may be also applied to
the crystal field parameters studied by opticatspscopy.

The major aim of this study is to provide a coetq@nsive approach to the triclinic
ZFSP sets by using the four computational methoddhis approach may help
experimentalists: (i) to better interpret & armyEMR data, (ii) to extract useful structural
information, and (iii)to consider the low symmesfyects [LSE] in EMR.

Major points in this work concern the usage @& tdomputational methods worked
out and the computer packages developed for fl@viog purposes: (i) diagonalization of
the 2nd-rank ZFSPs [3DD] [1], (ii) extension of pdesymmetry axis method [PAM] [2],
(i) superposition model for ZFSPs [SPM] [7] andngputer program superposition model-
Monte Carlo (SPM-MC) [5,6], and (iv) closeness aist& norms ratios [cfs] [1].
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SUMMARY & CONCLUSIONS

=
=

Standardization idea extended to triclinic symmaesing the 3DD method
Orthorhombic & monoclinic standardization usefd! large "non-standardX’ (A)
does NOT indicate "LARGE” orthorhombic distorteom crystals
Pseudosymmetry axis method (PAM) extended from &ENGII to MO, OR, TEl,
TGl = (a, B, V) defining the PAM axes have structural interpieta
Comparison of the PAM results for various approxiores enables extracting useful
structural information

EMR data for CsSrGi Gd®* (triclinic) analyzed

. 3DD method, pseudosymmetry axis method & SPM prassdul

. Additional advantages of our comprehensive approackeveral physically
equivalent ZFSP sets from 3DD & PAM may be usedtiermultiple correlated
fitting technique (MCFT) to increase accuracy &abllity of final fitted ZFSPs
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The metamagnetic Hauser NiMnin — type alloys amamounds with coupled magnetic and
structural phase transformations [1]. With this mpdmena is connected colossal
magnetocaloric effect [2,3]. Therefore, these niaerare promising for magnetic cooling
devices [4]. The Ni-Co-Mn-In alloys seems to be spective for optimization of
magnetocaloric effect in this group of material®2]1

In this work we report on temperature dependenceeleictron spin resonance in
NisoMnzs sn14 5 (NMI). The samples were prepared in the shapebdfon. The morphology
and composition was controlled by SEM using Vegac@a electron microscopy equipped
with EDX system.

The magnetic properties of the samples were oldtafireen ESR data measured on X-band
Bruker spectrometer (9.43 GHz) in the temperatamege of 100 — 335K. The external
magnetic field was perpendicular to the surfacéhefsample. The ESR spectra are collected
in Fig.1.

NiMnln-temp

BRUKER ._: 30
25
20
15

2 10

[I fpsusiu)

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500
Fiald [G]

Fig.1. Temperature dependence of ESR spectrasg¥iNis 4n;4 5 The first line is recorded at temperature
335K, the consecutive lines are recorded with galifddecreasing temperature with step of 5K.
The last line (upper) relates to 100K .

The shape of ESR spectra is of Dyson type withremtgasymmetry parameter of the

resonance line C =A/B = 2.48 at room temperatutee Temperature dependence of the
resonance lines indicates that in the temperatarge of 270 — 150K the resonance lines are
very wide or disappear at all.
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The angular dependence of the resonance fieldoah temperature was measured as well.
The Curie temperature is around 200 K what is &ow of structural transition temperature
Ts = 225 — 300 K determined by Khovaylo et al. igoMn37Smny3 [5].

There are two types of resonance lines in Fighdya the Curie temperature, with resonance
field Br =345 mT and line widthAB p, =25mT at room temperature . These lines are shifte
toward lower resonance field until, B= 260 mT at 250 K. Theirs linewidth increase
considerably with temperature decreasing reachiegvalue 240mT at 250 K. The second
type of resonance line appears below Curie temperat 170K. The resonance field and
linewidth of these lines decreases with temperalecgease whereas, the intensity of the lines
increases.
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Wyklad plenarny
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The physical free ion Hamiltonians together with the crystadldi (CF) Hamiltonians, or
equivalently the ligand field (LF) Hamiltonian$i{r (H.r)], are fundamental in optical
spectroscopy [1-8], whereas tekectivespin Hamiltonians (SH), which include the zerdefie
splitting (ZFS) HamiltoniansHsy (Hzrg)], are fundamental in electron magnetic resonance
(EMR or equivalently EPR/ESR) [9-15] and magnet[{d®-22] of transition ions in crystals
as well as their clusters. Importantly, these Hamians are basic tools for interpretation of
magnetic and spectroscopic properties of the silogiecomplexes in crystals as well as the
magnetic systems based on the transition-metal (6MYyare-earth (RE) ions. Yet, the
interface between the two physically distinct typéddamiltonians, denoted CF (LR} SH
(ZFS), has become a specific danger zone, espedalljunior researchers. The present
situation regarding the definitions of the crucradtions, their interrelationships, and the
operators existing in the EMR and optical spectpgcarea may be described as a maze
difficult to follow not only by experimentalists.To alleviate this situation we have set
ourselves the very challenging task to bring ortterthe zoo of different Hamiltonians,
especially those describing or parameterizing ahfglds and zero-field splittings, with the
aim of correcting sloppy or incorrect usage.

For this purpose, first in a specialized reviewdlamples of conceptual problems and related
terminological confusions that occur at the inteef&F (LF) - SH (ZFS), which have been
revealed by survey of recent literature, will benstarized and elucidated. This review will
prepare grounds for an extensive general reviewyhith the notions pertinent for single
transition ions and exchange coupled systems wikystematically defined and their logical
interrelationships outlined. The two reviews wohélp to simplify the navigation through the
maze of the complex web of interrelated notion®lined in this interface, which has become
entangled over the years.

This presentation is a preview of our ongoing wamki provides a brief summary of the EMR
related problems occurring at the interface CF (lF)SH (ZFS). It may serve as an
advanced warning for EMR practitioners. Several &spects are outlined in the nutshell.
This includes: basic forms of Hamiltonians and niébns of the associated parameters,
distinct properties of the Stevens and Wybourne(0F parameters and implications for
conversion relations, distinctions and interrelagioips between the CF (LF) and SH (ZFS)
Hamiltonians and parameters, conversion relatiamsttie Stevens and conventional ZFS
parameters, and orthorhombic standardization. Boalization of the CF (LF)» SH (ZFS)
interface for single transition ions as well as ihrrelationships and distinctions between
the pertinent cruciahotions, a concept map is provided in Fig. 1. Téwus$ is on the single-
ion complexes in crystals, however, the single mdk magnets or molecular nanomagnets
based on the RE and TM ions and other exchangelemwomplexes will be also briefly
discussed.
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Free ions (FI

+HF-CSCF < configuration nd¥ (nfV)
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ground state = the S-state 3d° (4f7) ions

}

Transition ions (M) in crystal
+ ML, complex with n ligands (L) < H.(PSG)

Covzi))

no

Orbitally | > Various
degenerate complicated
ground state Jahn- cases of fictious
Teller ‘spin’
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+ Electronic spin S < (2S+1) spin
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+CF splits L(J) multiplets into CF levels <
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Derivational SH approach
H,pys (FI + CF/LF) = Perturbation Theory (PT)
= effective (spin) Hamiltonian (SH)
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MSHPs o (physical parameters of H, + He)
+ Forms of SH and values of ZFSPs &

/ Group Theory (GT) &
Symmetry & Operators
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+Spin ('S’ > 1) < ZFS terms of

ZFS components q: -k < q <+k

\ * Triclinic LSS — all g j

Constructional SH approach
PSG = GT = Invariant combinations of ‘S’,
other spin operators: I & the fields: B, E
= Generalized SH (GSH):
GSH « (ZFS, Ze & HO terms)

¢+ Forms of SH can be predicted, including

g-factors can be predicted higher-order (HO) terms (HOZFS & HOFD

Methods = equivalence of E, < & = field dependent), but no information

« Conventional method (Pryée) -3dVions about the values of pertinent parameters
Tensor method (Rudowicz) - 3dV ions ¢ HOFD terms important for HMF-EMR
Special PT - the S-state 3dV & 4fVions Methods:

+ Complete diagonalization method (CDM) - + Matrix method (Koster & Statz)

3dV & 4V ions with OSGS Method of invariants

Fig. 1. Concept map for the notions pertinent fogle transition ions (M) in the MLcomplex of n ligands (L).

The pertinent examples of various types of ternagimal confusions identified in the recent
textbooks (see, e.g. [21]), review articles (seg, [23]), and regular papers dealing with the
single molecule magnets (see, e.g. [24]) and EMMdis$ of transition ions in crystals (see,
e.g. [25]) are briefly outlined and the nature ohfusion is elucidated. The detrimental
consequences of the problems in question includgenterpretation of data from a wide range
of experimental techniques and, most recentlypitfalls and errors of substance bearing on
understanding of physical properties as discuseef26,27]. The elucidation of problems

arising from misinterpretations of the operatorsfigitions and the crucial notions exposed
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here may stimulate EMR researchers to look moreplgeato the intricacies involved.
Clarification of the incorrect terminology may pest further proliferation of the problems
and confusions in literature. In longer terms, #idvaunderstanding of the physical principles
as well as the major intricacies involved in the @F) - SH (ZFS) interface may be
achieved within the scientific community.
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Jony niklu(l) twora reaktywne kompleksy bionieorganiczne zdolne déladg@wania
aktywnaici wybranych enzymow w reakcjach z prostymigsteczkami dwuatomowymi
takimi jak H [1], O [2], CO [3] i NO [4]. Kompleksy takie charakteryzusiec najczsciej
duwza reaktywndcia wynikajaca z niskiej liczby koordynacyjnej i stosunkowo nis§o
potencjatu jonizacyjnego, co pozwala na tworzerigktgwnej pary redoksowej Ni(l)/Ni(ll)
[1,2]. Analogiczne uktady mmma otrzymywa na bazie naikbw mineralnych, w
szczegolnéci zeolitow [2,3,4]. § to krystaliczne glinokrzemiany o strukturze kama)
ktorych rozmiary odpowiadajwielkosciom typowym dla cgsteczek gazowych. Ze wzglu
na ujemny fadunek sieci zeolity wykazujvtasciwosci jonowymienne, co pozwala na
wprowadzanie jonow metali prZejowych w pozycje wewstrzkanatowe. Tworzone w ten
sposob centragsaktywne w szeregu reakcji katalitycznych, takiak $elektywna katalityczna
redukcja NQ, dla ktérych @, CO i NO g typowymi reagentami. Badanie struktury
powstajcych w trakcie reakcji katalitycznych adduktéw jastudnione ze wzgtlu na niskie
ich stzenie, specjagj dwze rozmiary komorki elementarnej zeolitow i riskymetre
komorki. Dlatego te czesciej od metod bezpgoednich (dyfrakcyjnych) w badaniach tego
typu stosuje si metody pérednie oparte na technikach spektroskopowych. Wspar
obliczeniami  kwantowo-chemicznymi parametréw spetopowych, badania takie
pozwalaj na identyfikacg adduktéw, interpretagj molekularm uzyskanych widm oraz
dogkbna analiz mechanizmu wizania czsteczek z centrami aktywnymi. [RKi
nowoczesnym metodom relatywistycznych oblicZeFT takich jak ZORA, SOMF, DK,
parametry EPR magoy¢ obliczane dla wzghinie duych uktadow zawieragych jony metali
przegciowych z akceptowaln doktadndcia [5]. Molekularna natura tensom moze byt
ilustrowana na podstawie diagramow speh magnetycznych pomgilzy spin-orbitalami pod
wplywem zewrtrznego pola magnetycznego uzyskiwanych z wykoarystn skalarnego
hamiltonianu Pauliego.

W pracy tej przedstawiono wyniki badanad struktug wewratrz-kanatowych
kompleksow niklu(l) z @i CO powstajcych na skutek adsorpcji gazow na metalozeolicie
Ni-BEA. Widma EPR komplekséw adsorpcyjnych tworzamyin situ w amputkach
prézniowych rejestrowano za pompspektrometru Bruker Elexsys 580. Adsorpcja gazow
prowadzona byla po uprzedniej aktywacji termiczmbek zeolitbw w temperaturze 773 K
pod ciknieniem 10* mbar i ich redukcji w atmosferze CO. Etap ten mdmit do
powstawania izolowanych centréw Ni(l) na skutekkogiaz oksoklasterami niklu (NfONi**

+ CO = 2Nf + CQ,), ktére formowaly si na drodze wymiany jonowej w roztworze wodnym.
Pomiary impulsowe prowadzono w temperaturze 5 -K1&cho spinowe generowano za
pomoa dwu-impulsowej sekwencjiv2-t—-Te1—echo o dtuggciach impulsow mikrofalowych
rownychty, = 16 ns ity = 32 ns oraz czasie afgdenia rownymt = 200 ns. Eksperymenty
HYSCORE prowadzono z wykorzystanie cztero-impulgosekwencji v2—-1—1v2-t;—Tet—
T/2-1—echo o parametradh, = 16 ns it; = 16 ns. Czasi i t, zmieniano z krokiem rownym
16 ns zaczynag od 96 ns, a kKazac na 3296 ns. W celu unikmia efektu ,blind-spot”
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widma rejestrowano dla zdych wartdci czasut a uzyskane widma zostalty zsumowane po
wykonaniu transformaty Fouriera. Uzyskane widma @gnvano za pomegc programu
EasySpin.

Modelowanie DFT przeprowadzono dla klasteréw zewhtch zbudowanych z #aej
liczby atoméw T (T = Al, Si) wyatych z sieci zeolitu BEA (Materials Studio, Acced)y
Zerwane wiazania takich klasterow zostaty terminowane atomaodoru, ktérych potgenia
w trakcie procesu optymalizacji pozostawaty zarore. Jako centrum wymienne sieci
zeolitu BEA zastosowano klaster o stechiometrighABDg(OH);2]~, oznaczony jakaM7. W
obliczeniach wiéciwosci spektroskopowych wykorzystywano #ak klaster o mniejszym
rozmiarze, symetryzowany (grupa punktowag), JSi,AlO,(OH)s]", oznaczony jakol3.
Geometrie klasterow NBisAlOg(OH)1, [CO-Ni'[SisAlOg(OH)1s] oraz [Q-Ni'l-
[SicAlOg(OH)12] optymalizowano za pomacprogramu Gaussian09 [6] z zastosowaniem
potencjatu korelacyjno-wymiennego B3LYP i baz fuyjkgch typu 6-311G(d,p). Proces
optymalizacji oparto na analitycznym obliczeniachadjentow i algorytmie Berny'ego
uzywajac metod@ GEDIIS. Analiza wibracyjna prowadzona byta w prizybniu
harmonicznym z drugimi pochodnymi obliczanymi nuyeznie (dwa kroki o wielkeri
przesungcia z pozycji rownowagowej rownej 0.001 A).

Wartdsci tensorowg zostaty obliczone w programie ORCA [7]. Przy op8limacii
funkcji falowej wykorzystano przyblenie ZORA, podczas gdy operator oddziatywania
spinowo-orbitalnego przyldono metod SOMF. Pozwala ona na uwzdhienie zaréwno
oddziatywania momentu magnetycznego elektronowegdasry orbita jak i z sisiednimi
orbitami. Diagramy spkzen magnetycznych wykonano za pomoednokomponentowej
metody opartej na hamiltonianie Pauliego (progranDFA Obliczenia parametrow
oddziatywania nadsubtelnego i kwadrupolowego wykonana podstawie wzorow
perturbacyjnych opartych na dipolowych i kontaktetvy przyczynkach oddziatywania
gestadéci spinowej z momentem magnetycznym i gradientela plektrycznegoadra.

Wglad w mechanizm wazania centrum metalicznego zasi#eczkami gazowymi oraz
interpretag fizyczma obliczonych parametréw spektroskopowych uzyskaaopodstawie
analizy populacyjnej w bazie orbitali naturalnycla dvartgciowosci chemicznej (NOCV)
pofaczonej z metogl Zieglera-Rauka podziatu energii oddziatywania ENSCV [8]
(program ADF). Analiza ETS-NOCV pozwala na separadpsciowe okrélenie w wiazaniu
chemicznym udziatow kanatow transfergstpsci elektronowej poreidzy oddziatugcymi
fragmentami [casteczkagag i [Ni'M7]1ag Orbitale naturalne dla wasiowasci chemicznej
NOCV (P«W¥x) pozwalaj na faktoryzag rdznicowej gstasci elektronowej Ap

M /2 . . . . . . .
Ap(r)= S, [-w? (r)+wi(r)], gdziew. i M oznaczaj odpowiednio wartéci wiasne NOCV i
k=1

liczbe funkcji bazy. Dla ukladéw otwartopowtokowych sumemie gstasci elektronowej i
B musi by prowadzone oddzielnie dla orbitali wykagzeych analogiczs symetrg orbitalm.
Takie sumy interpretowane gako kanaty przeptywuegtasci elektronowej o symetr, 1ti o
Z rozdzielczécia spinows.

Na podstawie analizy widm CW-EPR adsorpdD, i 'O, (I = 5/2) ustalonoze
oddziatywanie casteczki Q ze zredukowanymi centrami Ni(l) prowadzi do powsa
adduktu o geometrii typu bocznego, koordynagfa(Rys. 1a). W rezultacie powsiay
addukt ma charakter rodnika ponadtlenkowegoazanego z centrum niklowym. Analiza
molekularna parametréw tensordni A(*'0) (g = 2.0635,g,y = 2.0884,g,, = 2.1675 oraz
|Acx| ~ 1.0 mT,Ayy| = 5.67 mT,A; ~ 1.3 mT) wsparta obliczeniami kwantowo-chemicany
ujawnita niezwykh struktue magnetyczea adduktu charakteryzaga sic nietypowa
sekwenci parametréw g;Agmay) > Oy(Omid) > O«(Omin) Oraz najwgksz wartdicia
rozszczepienia O-17 wzdhosignig. Jest to pierwszy przyktad tego typu adduktu wadkch
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mineralnych [2]. Jego strukttirmagnetycza najlepiej opisuje rownomierna delokalizacja
tréjkatna g@:stoasci spinowej pomidzy trzy atomy jednostkin®>{NiO}'. Ta metalo-
rodnikowa jednostka jest zgzdana z sieai zeolitu za pomag dwoch wazan z sieciowymi
atomami tlenu. Orbital SOMO powstaje poprzez koweygne naktadanie orbitalup2y*)
tlenu z orbitalem 872,° niklu o symetrii 5. Obliczenia ETS-NOCV (Rys. 1c) pokazaty
obecnd¢ trzech kanalow przeptywucesgtaici elektronowej zwjzanych z naktadaniem o
symetriachao, 1ti &. Najwickszy efekt energetyczny zywiany jest z przeptywem kanatem
ktory w gtéwnej mierze odpowiada za transfestgsci spinowej od metalu do ggteczki Q.

n?-{Ni"-03)

n.-backdonation ¢
s
== a-backdonation +
. +l.
8§
a g
} +H
[
L L
=
0, Nit

(c)

Rys. 1. (a) Struktura adduktu Ni(l),@ kanale zeolitu BEA, (b) odpowiadag jej widmo EPR adduktu niklu(l)
2’0, oraz widmo izolowanych centréw Ni(l) oraz (c) kot NOCV obrazujce przeptyw gstcci
elektronowej (niebieski obszar — przyptyw, czerwengdptyw) pom¢dzy casteczlg O, i centrum Ni(l).

Drugim analizowanym przyktadem jest oddziatywani@)N: nieredoksowym liganiem
karbonylowym CO. Przy niskich d@iieniach CO O, pco < 1 Torr) oddziatywanie to
prowadzi do powstawania adduktow monokarbonylowyobliczenia DFT wskazuj ze
addukty te charakteryzujsic geometri typu n'-C o ksztalcie w formie litery T z tréjkrogn
koordynacy jonu niklu(l) [3] (Rys. 2a). Widmo CW-EPR charakteuje jedynie anizotropia
czynnikag, dlatego te ze wzgédu na znikom przewidywan gestas¢ spinowa na pdrze
wegla *CO pomiary oddzialywania nadsubtelnego i kwadrupelgo (adro glinu 2’Al)
przeprowadzono z wykorzystaniem techniki HYSCOREzydkane charakterystyczne
parametry spektroskopowe dla adduktu Ni(l)-~CO testtliwoié drganiaveo = 2109 i,
skladowe tensor6w i A(**C) réwneg,, = 2.018,g,, = 2.380,0,, = 2.436,A« = +1.0% 0.3
MHz, Ay = -3.6+ 0.9 MHz, A,; = -1.6 + 0.3 MHz, oraz parametry oddziatywania
kwadrupolowegaQ(*’Al) wynoszice éQg/h = —13 MHz in = 0.8. Dla zoptymalizowane;
geometrii  modelu struktury adduktu wykonano oblidae parametréw metodami
relatywistycznymi hamiltonianu Pauli’ego i ZORA-SGWB3LYP. Analiza NOCV ujawnita,
ze wigzanie Ni-CO powstaje na skutek naktadamomidzy nisko leacymi stanamii(2p)
CO z orbitalami 3¢ i 3d,, jonu niklu wzmocnione matym udziatem naktadani&itafu
o(2p+2s) CO z pojedynczym maksimurngstpsci elektronowej orbitalu 3d niklu. Taki
mechanizm oparty jest na dwoch kanatach przepiyvalitddanieo i ) przedstawionych na
Rys. 2b. Batochromowe przeseggie czstasci drgania CO w stosunku do gstcici
charakteryzujcej swoboda czsteczk wynika z dominacji efektu przeptywu kanatem
(donacja wsteczna). Natomiast polaryzacyjna natropowej statej rozszczepienia
nadsubtelnegd®C wynika z niewspétbienego przeptywu gstaici spinoweja i B w kanatach
oiTl
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Rys. 2. (a) Struktura adduktu Ni(I)-CO w kanalel#gaBEA, (b) kontury NOCV obrazafe przeptyw gstcsci
elektronowej (niebieski obszar — przyptyw, czerwengdptyw) pom¢dzy czsteczly CO i centrum Ni(l) w
kanatachrti o, oraz odpowiadage strukturze adduktu przyktadowe widmo HYSCORE@©.7 GHzB = 292.0
mT) pokazujce sygnaly bdace efektem dipolowego oddziatywania nadsubtelnejgdrem™C i oddzialywania

kwadrupolowego zadrem?’Al.

W pracy przeanalizowano mechanizm oddziatywaniastezzek @ i CO z
paramagnetycznymi jonami niklu(l) w matrycy zeoliBEA. Podstawowych informacji o
oddziatywaniu dostarczyta spektroskopia EPR i HY&®REXx wykorzystaniem znakowanych
izotopowo reagentdwO, i 2*CO. Sens fizyczny uzyskanych parametréw orazitovy opis
przeptywu gstasci elektronowe] pomadzy oddziatupcymi reagentami uzyskano ki
relatywistycznym obliczeniom DFT i ETS-NOCV. W pmadku liganda redoksowego typ
geometrii adduktu zostat ustalony na podstawie kiiry nadsubtelnej widma EPR.
Wykazano powstawanie mieszanego uktadu metalicado#kowego o nietypowych cechach
magnetycznych wynikagych z obecnei kanatu przeptywu o symetrd. W przypadku
liganda nieredoksowego kluczowe informacje na temathanizmu wizania dostarczyta
spektroskopia HYSCORE. Tworzenieagania przebiega poprzez dwa kanaty o symetriach
i T, z ktorych jeden odpowiada za obegmie czstaici drgania zwizanej casteczki CO (kanat
1), natomiast kompensygy sk efekt polaryzacjif) i delokalizacji ¢) powoduje minimala
polaryzacg gestasci spinowej wokot atomu wgla i niewielki (rzdu kilku MHz) efekt
rozszczepienia nadsubtelnego.
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Organic free radicals continuously draw reseaghattention as they play
increasingly important roles in modern materiakace and biochemistry [1-4]. Many classes
of radical species based on the first-row elemé@aisN, O) are known, some of them, like
Gomberg's radicalCPh; [5] or Fremy's salt I 'ON(SQy)2} [6], since the 18 century. In
general, radicals of the heavier main group elemarg less common [7]. Among them the
phosphorus centred species constitute an integestass, mainly because of their role of
reactive intermediates in phosphorus chemistry [Bhe four main subclasses of the
phosphorus radicals can be distinguished [8]: t@sphonyl (RP'=0), (b) phosphoniumyl
(RsP™), (c) phosphoranyl (%), and (d) phosphinyl (#") radicals. In the case of,R the
phosphorus atom, in addition to an unpaired elagtincorporates a lone electron pair.
Although the short-living B’ radicals have been known since the second halfeo60's of
the past century [9-11], the persistenPRwith kinetic or resonance stabilization have been
intensively reported lately [12-14], but the staBgP" radicals that do not dimerize in the
solid state still remain quite rare. Except for thdical synthesized by Ishida et al. [15] these
stable RP" have at least one heteroatomic substituent teliosphorus what can affect the
electronic properties of the radical centre. Thaneftheoretical methods were employed by
us to determine relation between the molecular eledtronic structure of £ and the g
matrix. To accomplish this goal a series of theiowmly substituted phosphinyl radicals
(shown in Figure 1) was studied with the use of C#fAll highly correlated MRCI method.
The performing of in-depth theoretical analysigted phosphinyl radicals g matrix should be
beneficial as experimental data are to a certaiengxcontroversial. The major interpretative
problem lies in extracting the principal and g (perpendicular) components of the g matrix
and therefore, although in case oPRg is not axial [11], the two perpendicular compaise
have been often reported as one effectivé Vglue.

\O/>S/>Q Eﬁ
——-SI

Fig.1. Schematic structures of the phosphinyl r@diander mvestlgatlon
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Wiarygodne przewidywanie energetyki stanow spindwyw kompleksach metali
przegciowych jest daym wyzwaniem dla metod chemii kwantowej. W obliaaeh metodami
teorii funkcjonatow gstasci (DFT) wzgkdne energie stanow spinowych siinie zalene od
wyboru funkcjonatu korelacyjno — wymiennego. Nieospb przy tym wskazajednego
uniwersalnego funkcjonatu, ktory dawatby poprawngniki dla rd&znych kompleksow,
a czasem nawet dla adych stanéw spinowych w ramach jednego kompleksu-[2].
Gtownym czynnikiem determinagym energety& standw spinowych w obliczeniach DFT
jest domieszka doktadnej wymiany w funkcjonale kaegino — wymiennym. Jej wplyw jest
szczegolnie istotny dla prZeéj spinowych zmieniagych obsadzenie orbitalu o charakterze
o*(M-L) (czyli takich prze§¢, ktére modulyj korelacg statyczm i charakter kowalencyjny
we wigzaniu metal — ligand). Wptyw domieszki doktadnejmigny jest natomiast znacznie
mniejszy dla przéf spinowych polegagych na redystrybucji elektronéw wigiznie medzy
niewiazacymi orbitalami d metalu [3]

Przewidywania metod DFT madyc¢ uscislone dzeki zastosowaniu metod opartych na
funkcji falowej — np. metody spezonych klastrow na poziomie CCSD(T). Obliczenia
CCSD(T), mimo % bardzo wiarygodne, charakteryzugic jednak wysok ztozondscia
numerycza (~N'), przez co byly do niedawna wykonywalne jedynia #lardzo matych
ukladow modelowych. Dla usprawnienia oblitz&CSD(T) dla kompleksow metali,
opracowano protokot obliczeniowy edtacy hybrydy metodologii jawnie skorelowanej
(CCSD-F12) i tradycyjnej ekstrapolacji energii Kagg do bazy zupelnej [4].
Zaproponowany protokét charakteryzuje sbzsiddnym kompromisem mdzy doktadnécia
a zlazondscia obliczen, przez co udato sigo zastosowa nie tylko do matych uktadow
modelowych, ale réwniedo stosunkowo diych komplekséw: P&, F&'P(CI) i [M" (en)]**
(gdzie P = porfina, en = etylenodiamina, M = Fe,)MA kolei dla tych kompleksow
hemowych, ktore s w dalszym cigu zbyt due, aby wykoné& dla nich bezp&ednie
obliczenia CCSD(T), zaproponowano procedwkstrapolacyjm opart na ich matych
modelach (tzw. ,mimikach” — z uproszczonymi ligandachelatugcymi zamiast porfiryny).
Procedura ta umiwia oszacowanie energetyki CCSD(T) dla petnegtadik na podstawie
wynikoéw dla matlego modelu oraz zah@sci miedzy wynikami DFT dla obu uktadow [4].
Uzyskane w ten sposob energetyki CCSD(T) (obliczomprost lub estymowane)
wykorzystano do kalibracji metod DFT dla wybranymntrow metali przégiowych, w tym
modeli o0 znaczeniu biologicznym.

W dalszej cgéci komunikatu pokazane zostanie, w jaki sposob Vispéenie
alternatywnych stanéw spinowych pgowpltywa& na proces wiizania liganda NO (tlenek
azotu) do porfirynowych centrow Mn(ll) i Co(ll) [5]0kazuje si, ze obliczenia DFT —
mimo wykorzystania rinych funkcjonatéw i uwzgdnienia korekty dyspersyjnej Grimme’go
(DFT-D3) — nie potrali w sposob spojny odtworzyeksperymentalnych energii ayzien
Mn—NO i Co—-NO w badanych kompleksach. ®&zcg¢ metod DFT, w tym te ktore daj
poprawn, energe wiazania Co—NO, przewiduje E(Mn—NO) >E(Co—NO), co jest w ewidentnej
sprzeczngci z eksperymentem. Paradoks zm@ wyj&ni¢ zauwaajac, ze o ile w przypadku
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Co(ll) wiazanie liganda NO jest prastekombinaci dwoch rodnikéw, to w przypadku
Mn(Il) wigzanie NO zachodzi z dwukratremiary stanu spinowego. Konieczstozmiany
stanu spinowego ma oczyigie konsekwencje kinetyczne. Coegagj, ma te konsekwencje
termodynamiczne: okazujeesbowiem,ze wicksza¢ funkcjonatéw (w tym te, ktére dobrze
opisup wiazanie Co—NO) wykazuje dy blad we wzgédnych energiach stanow spinowych dla
porfiryny Mn(ll), ktory to bhd przektada si na znaczne zaugnie energii wizania Mn—NO.
Skorygowanie tego bdu w energetyce standw spinowych pozwala uz§skgodne
z eksperymentem energieaaan metal-NO dla obu metali réwnodnge. Godnym uwagi jest
rowniez fakt, iz wiagzanie MN—NO ma mniejgznergeé dysocjacji nk wigzanie Co—NO, mimae

to pierwsze wizanie jest cigniejsze w sensie geometrycznym. Jest to spektayulazyktad
naruszenia typowej korelacji goizy geomety a energi wiazania, co wynika ze znacznego
wktadu energii konwersji stanu spinowego Mn do gindiysocjacji wazania Mn—NO.
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Wyktad
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POZWALAJ A NA INTERPRETACJ E ZJAWISK ZACHODZ ACYCH W
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Znaczniki lub sondy spinowea o stabilne, wolnorodnikowe ggteczki, ktérych
widmo r&nicuje s¢ w zalenosci od srodowiska. Istota cechy tych casteczek jest
zdefiniowana lokalizacja w badanych strukturacHdgaznych, przy czym sondy dyfunduj
w scisle okrelone struktury a znaczniki wagta sie z wybranymi centrami. Bardzo interegty
techniky jest ukierunkowane znakowanie spinowe (site dagdpin labelling). Stosujegsi
takze pohczenie spektroskopii fluorescencyjnej ze znakowarseinowym. Sondy/znaczniki
spinowe - s to r&ne typy zwiazkéw paramagnetycznych, ktérych parametry widm EPR
zmieniap si¢ w zaleznosci od struktury, lepkéci czy polarnéci srodowiska. Wbhudowug sk
w badane strukturyasw stanie odzwierciedli zmiarg uporadkowania — np. prz&gia
fazowe. Rejestrgjobecné¢ oksydantow w mierzonynrodowisku. Najczsciej uzywanymi
sondami § znaczniki posiadage grupy >NO. Te cechy powodwj ze jest to bardzo
wartasciowa technika pogbiajaca wiedz o biologicznych ukladach na poziomie
molekularnym. W prezentowanej pracy zostaty przegdsme wyniki bada metod
znacznikéw spinowych bton biologicznych i modelowyoraz zwazek uzyskanych
wynikow z procesami fizykochemicznymi zachadymi w tych obiektach. Zaobserwowane
zmiany ukierunkowaty zastosowanie innych metod tadsich w celu wyjénienia zjawisk
zachodzacych w btonach biologicznych i modelowych.

Badania w naszej grupie koncendrusic wokét fotochemicznego dziatania
promieniowania NIR na krew. Czynnik ten dziata aeimie na krew w procesach
pozaustrojowego kpenia krwi: wspomaganie oddychania, ptucoserce ayddializa. W
przypadku bada nad efektami dziatania promieniowania NIR na krg¢ako pocatkowa
metod: zastosowasimy znakowanie spinowe bton erytrocytarnych i blggosomowych. %
to przyklady jak obserwowane zmiany w strukturzenblkomorkowych i modelowych
pozwolity na interpretagj zjawisk zachodych pod wptywem NIR a w konsekwencji
zastosowanie metod beZpednio potwierdzajcych hipotezy.

Materiatem badawczym byly koncentraty krwinek eammych pobranych z
Dolncslaskiego Centrum Krwiodawstwa i Krwiolecznictwa we dflawiu, krwi wotowej i
lipidow wyekstrahowanych z bton erytrocytarnych.sidy zastosowane znaczniki spinowe:
Tempo-Palmitynian (TP), kwas 5 doksylo-stearyno®®$A), kwas 16-doksylostearynowy
(16DSA), iso-tiocyjano-TEMPO (ISO). TP, 5DSA, 16DS&A sondami dyfundugymi w
srodowisko dwuwarstwy lipidowej bton biologicznych, przy czym TP znajduje i
doktadnie w obszarze gtéwek polarnych lipidow, 5D84A poziomie 5 wgla taacuchow
weglowodorowych a 16DSA w potowie dwuwarstwy lipidgw@ochodna TEMPO - ISO
wiaze st z dostpnymi grupami SH aminokwasow. Na rys. 1 przedstawinostaty widma
EPR i parametry mierzone z widm, ktore pozwakdgdzic wtasciwosci fizykochemiczne
badanych obiektow. Rys. 2 ilustruje dynamikmian parametru upadkowania w
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zaleenosci do czasu ekspozycji. S definiuje parametr ugdkewania, definiujcy stopig
uporzdkowania struktur, w ktérych otoczeniu znajduje sonda. Sonda, ze wzdu na
ksztalt i wtasnéci czasteczki zblionej do struktury lipidow przyjmuje upadkowanie
identyczne z upordkowaniem dwuwarstwy lipidowej. W obszarze paji gtdwek
polarnych, na poziomie 5 ggla taicucha wglowodorowego, struktura dauchow jest
bardzo uporzdkowana i widmo sondy spinowe] wykazuje ¥diavosci anizotropowe. Ze
wzgledu na symetei osiowy czasteczek i ich upordkowanie z widma mama wyodebni¢
dwie wartdci statej sprzzenia nadsubtelnego Al AL. Axx | Azz s stalymi sprzzenia
nadsubtelnego  wyznaczonego dla monokrysztaltbw sondginowej. Parametr
uporzdkowania przyjmuje wartdé 1 dla struktur krystalicznych natomiast jego wattdla
sond zlokalizowanych w btonie erytrocytow waha ad 0,4 — 0,7. Dla esteczek sondy w
srodowisku gdy jej ruch jest swobodny i szybki, staprzzenia nadsubtelnego jak i
wspotczynnika g ulegajusrednieniu. Widmo wtedy ma charakter izotropowy izwgcza i
izotropowy czas korelacjic definiowany prze rownanie (2). Czas korelacji jestlkoscia
bezpdrednio zwiazam z lepkdcia srodowiska, w ktérym znajduje eisonda. Wart@&
izotropowej statej spezenia nadsubtelnego jest myapolarndci srodowiska, w ktorym
znajduje st sonda spinowa

A7 Pxx Bzo 1)

( HO 1]j 2
7c=KAH -1
Hy)

(2)

L

a2073 A1 *2A 3)

Rys. 1 Przyktadowe widmo EPR znacznika spinowdd8 &budowanego w blererytrocytéw. Obok
rysunku zdefiniowane zostaly parametry wyznaczawam znacznikow.

3.0
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Rys. 2 wzgtdne zmiany parametru upadkowania wyznaczonego dla sondy 5DS w zabéci od
czasu ekspozycji na promieniowanie NIR.

Analiza zmian pokazuje jak silnie reaguje btongtrecytow na promieniowanie.
Gtowne efekty widoczneasw czasie pierwszych 15 minut ekspozycji. Rdkawo widoczny
jest wzrost parametru upadkowania, aby natychmiast parametr ten zmalat atesznie
stabilizupc sk na jego bardzo niewielkim wzcie. Odpowiada to pogikowemu zmniejszeniu
ptynnasci btony aby po zwikszonej ptynnéci ustabilizowé sk na poziomie lekko usztywnionej
strukturze. Dane uzyskane z analizy widm EPR ptaedtsne g w tabeli 1.
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Tabela 1. wyniki uzyskane z analizy widm EPR znécam wbudowanych w struktury btony biologicznej
erytrocytow oraz odpowiadgje im wigciwosci fizykochemiczne badanego materiatu.

Wyniki uzyskane z widm EPR
komorek naswietlanych
promieniowaniem NIR

[1-6]

Hipotetyczne przyczyny
obserwowanych zmian

Potwierdzenie hipotez

Zmiana ptynnéci btony
erytrocytéw w obszarze gtéwek
polarnych i técuchéw
weglowodorowych dwuwarstwy
lipidowej. Charakter zmian
wykazuje dynamiczne zmiany
ptynnasci. Procesy zachodav
ciagu ograniczonego czasu do
okoto15 minut

Mozliwe dwa procesy:
1. Zmiana ksztalttu erytrocytow.
2. Dwze zmiany w gibi
tancuchéw veglowodorowych
wskazuj na zwekszone
oddziatywania porgdzy biory
biologiczry a biatkami.

Badania mikroskopowe
potwierdzity zmiag ksztattu
komérek. Mikroskopia AFM
wykazata take konformacje
gtéwnego biatka btonowego

erytrocytéw — biatka AE Analiza
szybkaci hemolizy oraz tadunku
zeta potwierdzity dynamik
obserwowanych zmian ptynéo
biony.

Na zewntrz blony erytrocytéw
pojawit sk silny czynnik
utleniapcy: wygaszanie sondy
spinowej TP. Znakowanie
hemolizatow erytrocytow
znacznikiem spinowym wkacym
sie z grupami SH wykazato
zmiare w dostpnasci tych grup
w czasteczce hemoglobiny po
ekspozycji na promieniowanie.

Moze mig to zwiazek z
transformacj oxy-hemoglobiny
w deoksy-hemoglobinczemu
powinna towarzyszayzmiana pH
wewmntrz —komérkowego, co z
kolei powinno aktywowéa
enzymy antyoksydacyjne.

Powinna take zachod#i
modyfikacja struktury
hemoglobiny.

Badania spektroskapRamana
hemolizatow wykazaty zmiany
konformacyjne casteczki
hemoglobiny, redukejilosci
methemoglobiny. Pomiary za
pomoa sond fluorescencyjnych
potwierdzity obnkenie pH
wewmntrz-komoérkowego.
Konsekwengj tego faktu jest
zmiana konformaciji biatka AE
oraz zwgkszona aktywn&
enzymow antyoksydacyjnych. W
obnizonym pH aktywuje si
peroksyredoksyna wiac Sk z
wewretrzna powierzchm btony
komaérkowej. Musi temu
towarzyszy dehydratacja
komorki.

Zmniejszenie polarrigi na
powierzchni btony komérkowej

Dehydratacja komorki

Aktywacja peroksyredoksyny
wywotuje dehydrataejkomérki,
Zmiarg jej objetosci oraz ksztattu.

Badania na znakowanych modelowych btonach lipiddwfliposomach) pozwolity na potwierdzenie
obserwowanych efektow na btonach biologicznych
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Reduced forms of iron porphyrins play essentiale rah the reduction-oxidation
bioprocesses which involve some cytochromes, pdases and catalases. Iron porphyrins
are interesting objects for coordination chemidtecause of variety of oxidation and spin
states of the central Fe atom (the red ball in E)gcoordinated with the porphyrin ring and
different axial ligands. The EPR spectroscopy isappropriate experimental technique to
investigate reduced forms of Fe-porphyrins becatisgives fairly detailed information
concerning the electronic structure of systemsrgaunpaired electrons.

We consider, in this report, electronic structurefe-complexes obtained as products of the
reduction reactions, as a result of the decrease of
oxidation states of Fe ions in porphyrin compounds.
Special attention is focused on results obtainechfr
EPR spectroscopy and DFT calculations. Reduced
complexes were prepared chemically by contact of
tetrahydrofuran (THF) or dimethoxyethan (DME)
solutions with a sodium mirror (Fig. 1.). THF and
DME solvents were carefully degassed by freeze-
thow cycles. The reduction process was controlled
Fig. 1. Schematic presentation of step-by-step by means of electronic absorption
reduction process of iron porphyrins by  gpectra. The reduction products are air sensithee a
chemical method. the reduction reaction was carried out on a vacuum
line using a special cuvette.

The reduction process was usually started fromlli-p@rphyrins. At the first stage of
the reduction process the axial ligands (one on @ve removed from the Fe(lll)-porphyrins
and divalent iron Fe(ll)- complexes appear. Spatesof the Fe(ll) ions is usually equals to
S=1, however in some cases interaction of the JHe¢lphyrin complex with THF solvent
leads to the high spin (S=2) state. Although théllfFeomplexes show paramagnetic
properties at the mentioned above spin states, §ffleRtra are not detected because of a very
high value of the zero field splitting parametefdpproximately 70 cil). DFT calculations
indicate some changes in molecular structure, miqodar, Fe-N bonds become shorter by
about 5% in comparison with the same bonds in Fre@mplexes.

A successive step of the reduction leads taitirealent Fe(l)-porphyrin complexes. These
complexes have been not often investigated so fBased on magnetic measurements,
Mdssbauer spectroscopy and EPR spectra of thesglexes (g =2.20+ 2.30 and g=1.90
+ 1.95), with g>g, a spin state of $1/2 is widely accepted, with the electron

configuration @7 ,d%,,d?,.d..). This configuration corresponds to the results BFT
calculations.

Electronic structures of the complexes obtainedeat stages of the reduction process
have not been unambiguously identified and renmggpen to further studies and discussion.
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Badania literaturowe wykazatye ptynng¢ btony komorkowej ptytek zmieniagiv

czasie aktywacji ptytek [1]. Plyndé blony maleje po aktywacji tych komorek. Jedndore
znany jest faktze w zetkn¢ciu z powierzchri szkla ptytki utgajp aktywacji. Zwhzane to
jest przede wszystkim z odczynem pH szkia (wysokAtywacja ptytek na szkle jest
odwracalna. W pierwszym etapie obserwuje wivalnianie wapnia w komorkach ptytek.
Stezenie wapnia rénie w komorce ale nie dochodzi do wzrostu jeggestia na zewitrz
komorek [2]. Po okoto 15 minutachegénie wapnia w komorce ptytki wraca dazgnia
poczatkowego. llustruje to Rys 1.
Celem naszych badabyta obserwacja zmian zachadych w btonie ptytek w czasie
aktywacji wywotanej kontaktem ze szkiem. W tym celuirowane ptytki znakowane byty
kwasem 16-doksylo stearynowym, znacznikiem spinowgyfundupcym do dwuwarstwy
lipidowej btony komérkowej (grupa reporterska zngglst w potowie dwuwarstwy).

Wyniki

Przyktadows krzywa Kinetyczry ilustruje Rys. 2 a i b. Pokazana jestz@lprocedura
oznaczania charakterystycznych parametrow istotrd@hopisu proceséw zachagych w
czasie aktywacji ptytek w zetkgtiu z powierzchnj szkta.

Jednoczénie do pomiardw kinetycznych prowadzone byly obseje ksztattu ptytek w
czasie aktywacji na powierzchni szkla a przedstawiona Rys 3. Obserwaciji
mikroskopowych aktywacji ptytek w preparatach PRRamtakcie ze szkiem dokonano przy
uzyciu mikroskopu optycznego z kontrastem fazowym hieltywem immersyjnym
(x100/1.25). Dla kadego z badanych preparatéw wykonywano 6-7ézdjak wynika z
naszych obserwacji, ptytki w kontakcie ze szklemkamup dwa gtdwne etapy zmian
ksztattu. Pierwszy z nich to tworzenie malych koekdz pseudopodiami. Drugi etap to
catkowicie przylegajce komorki do powierzchni szkta.

Wyznaczane parametry z widm:

Ksztalt widma EPR jest bardzo charakterystyczmgt do tryplet charakteryzigy
obecnéé niesparowanego elektronu w pahbli magnetycznegoagira N*. Jako parametr
wyznaczano stosunek amplitudy sygnatu niskopolowdge do amplitudy sygnatu
centralnego f. Wzrost tego parametriwiadczy o wzrastagej ruchliwgci znacznika w
dwuwarstwie lipidowej co oznacza wzrost ptydciobtony komorkowej ptytek. Zmiany tego
parametru w czasie kontaktu koncentratu ptytek kemygch z Dolnélaskiego Centrum
Krwiodawstwa i Krwiolecznictwa we Wroctawiu przedstiono na wykresie i z wykresu
oznaczano dwa istotne parametry:

1. Wartag¢ stosunku b'hy po osagnieciu przez ptytki stanu rownowagi (powrotstnia
wapnia do stanu pogikowego) A.
2. Czasd¢w jakim komérka osiga stan rownowagi.
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Parametry okrdane byly na podstawie najlepszego dopasowania llwoastych do punktow
pomiarowych ze zminimalizowanym RMS (Root mean seuaDodatkowo zostato
przetestowane, czy dwuliniowe dopasowanie jestzeeps: liniowe przy wyciu testu LLR
(log likelihood ratio test) — funkcja opracowanag@nedowisku MatLab autorstwa R. Iskandera

O—OCELL 81
®—@CELL #2
A—ACELL #3

Lo
oo 2T TN

4« 5 6 7 B 9 10 11 12 13 14 15 16
MINUTES
Rys.1. S¢zenie wapnia mierzone byto metpsiond fluorescencyjnych. Maksymalnezsinie wapnia obserwuje
si¢ w bardzo krétkim czasie (gdu mikrosekund). Powr6t doggenia pocatkowego jest znacznie wolniejszym
procesem i poctkowy poziom wapnia komérka agja w czasie okoto 15 minut [2].
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Rys.2a Krzywa zalmosci parametru h/hy od czasu kontaktu ptytek z powierzchnia szktaNabkrzywej
kinetycznej zaznaczone parametry iléciowo opisujce proces aktywacji

Jednoczeéie do pomiardw kinetycznych prowadzone byly obsejes ksztaltu ptytek
w czasie aktywacji na powierzchni szkla a przedsiaew na Rys 3. Obserwacji
mikroskopowych aktywacji ptytek w preparatach PRRamtakcie ze szkiem dokonano przy
uzyciu mikroskopu optycznego z kontrastem fazowym hieltywem immersyjnym
(x100/1.25). Dla kadego z badanych preparatéw wykonywano 6-7ézdjak wynika z
naszych obserwaciji ptytki w kontakcie ze szkiem agik dwa gtdwne etapy zmian ksztattu.
Pierwszy z nich to tworzenie matych komorek z psgadiami. Drugi etap to catkowicie
przylegajce komorki do powierzchni szkta.

1 forma pseudopodia 2 forma — catkowita adhezja do powierzchni
szkita

Rys. 3. Obserwowane formy aktywnych komérek w zethin z powierzchni szkla
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Zalety zaproponowanej metody jest jej prostota. Jedynyywanym agonist jest
powierzchnia szkfa. Agofgi uzywani do pomiarow metoda agregometryczkolagen, ADP
czy kwas arachidonowyasbardzo drogie. Obserwowana kinetyka koreluje zahgni
agregometrycznymi oraz z wyznaczonym poziomem mijdkw. Ich stzenie rénie w
czasie aktywacji ptytek.

Zaproponowana metoda zostata zastosowana don bakigwacji ptytek w czasie
hemodializy w modelu zwieezym.
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Liposomy odgrywaj coraz waniejsz role w przemygle farmaceutycznym i
kosmetycznym. Stanowirowniez, dobry model btony komdrkowej, di czemu g
wykorzystywane do badavptywu substancji aktywnych biologicznie, na btamgczywiste i
modelowe [1,2]. Wiele substancji stosowanych w mémdy przemsle spaywczym, farmacji
I przemyle kosmetycznym, silnie modyfikuje wiawosci bton biologicznych. Zmiany te
moga mie¢ charakter pgadany, ale mog réwniez wywotywat nieprzewidziane, negatywne
skutki. Dlatego, wzne jest badanie wplywu #dych substancji, w szczegokod
rozpuszczalnikdw, na modele bton biologicznych. @ometod pomiarows, w analizie
ptynnasci bton, jest technika EPR, wykorzystoa sondy spinowe [3,4]. Ponieavaickszasé
substancji biologicznych jest diamagnetyczna, nadsg one do bada z wykorzystaniem
znacznikéw spinowych. W przypadku badania btonlepage rezultaty dajsondy z grupy
DOXYL, poniewa ich budowa zostata oparta o kwasy ttuszczowe, gmaynapce swoim
ksztattem casteczki fosfolipidow btonowych, np. lecytyny.

W pracy przedstawiono wyniki batla wptywu wybranych rozpuszczalnikéw
niepolarnych (benzenu, chloroformu, THF, ), na dyitane widciwosci bton liposomow.
Liposomy otrzymano w procesie sonikacji lecytynytunalnej (EYL), w $rodowisku
wodnym. Do bada dynamiki bton zastosowano elektronowy rezonansarpagnetyczny
(EPR), wykorzystuyjc technik sond spinowych. Sondy dobrano w taki sposob, aby
penetrowaly réne obszary btony, w jej przekroju poprzecznym. Vddraach zastosowano
trzy, r&niace st miejscem ulokowania w bitonie liposomow, sondy epia: 2,2,6,6-
tetramethylpiperidine -1- oxyl (TEMPO), 2-ethyl-25-methoxy-15-oxopentadecyl)-4,4-
dimethyl-3-oxazolidinyloxy (16-DOXYL-stearic acid)i 2-(4-Methoxy-4-oxobutyl)-4,4-
dimethyl-2-tridecyl-3-oxazolidinyloxy (5-DOXYL-ste&® acid methyl ester). Sonda TEMPO
rozpuszcza sizaréowno w cgsci hydrofobowej bton jak i wsrodowisku wodnym (Rys.1),
sonda 5-DOXYL penetruje warsgwpowierzchniow, lokujac sk pod polarg czscia
czasteczek lecytyny (Rys.1), natomiast sonda 16-DOX¥kuje sk gkboko, w warstwie
hydrofobowej btony (Rys.1).

% - SDOXYL probe € - TEMPO probe 5_ - 16DOXYL probe

A - spin group )
A - spin group

ﬁ - lipid molecule @?@; } - hydrophoby area
xR head group

Rys.1 Schemat lokowaniagssond spinowych, w dwuwarstwie lipidowej bton liposow
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Na podstawie widma EPR sondy TEMPO, wyznaczano spggktroskopowy parametr
podziatu (F), pomidzy btorg i srodowisko wodne (Fig.2a). Miamparametru F, jest stosunek
amplitudy wysokopolowej linii (P), w widmie sondgogpuszczonej wrodowisku wodnym)
do amplitudy linii niskopolowej (H), pochodeej ze srodowiska lipidowego. Warts
parametru F zwizana jest m.in. z ptyndoia btony [5]. Na podstawie widma sondy 16-
DOXYL-stearic acid, wyznaczano spektroskopowy patnt (Rys.1b). Warté& tego
parametru zalgy m.in. od stopnia ptynrigi btony i jest tym wksza im sztywniejsze
(bardziej uporadkowane) jest otoczenie, w ktéorym znajduje sonda [6]. Wsrodowisku
izotropowym parametr jest czasem korelacji rotacyjnej sondy. Na podstamidma sondy
5-DOXYL-stearic acid, wyznaczano spektroskopowyapaetr T, (Rys.2c). Wzrost warto
tego parametru, oznacza rase uporadkowanie w warstwie powierzchniowej btofry.

(@) (b) (T T ()
=595+ 48| |- + == -2 1071 (5]
T .95 0
Jin T

T T T T T T T L] Y T T L3 ¥ T M o T L] T T
a8 37 138 39 340 41 3% a7 338 338 M0 341 332 34 338 38 340 342 344
8 [mT] 8(mT] B{mT]

Rys.2 Przyktady widma EPR sond spinowych, orazwspotczynnikdw spektroskopowych: a- sonda TEMPO,
b- sonda 16-DOXYL-stearic acid methyl ester, cnda 5-DOXYL-stearic acid methyl ester. Sondy
rozpuszczone zostaty w dyspersji wodnej liposomérmowanych z lecytyny EYL.

Na Rys.3, przedstawiono wykresy ilusteg wptyw st¢zenia rozpuszczalnikow, na
parametr spektroskopowy F sondy TEMPO, umieszczonyadyspersji wodnej liposomow
EYL. Rozpuszczalniki dodawano stopniowo gk@izapc ich stzenie. Kadorazowo po
dodaniu porcji rozpuszczalnika, probka byla wysema 5 min, a naginie umieszczona w
komorze spektrometru EPR. Pomiar przeprowadzangkrotnie, czas przemiatania
pojedynczej serii wynosit 128 s. Wzrost parametravékazuje na wzrost ptynéa bton
liposoméw. Najmniejsze zmiany, w badanym przedzsitgen, wywotat rozpuszczalnik
THF, co wskazuje na stabe oddziatywanie z btonatiposomow. Najweksze zmiany
parametru F, zaobserwowano dla chloroformu, w piadel stzen od 2.5% do 3.5%. W
przedziale stzen od 0 do 2.5%, wptyw chloroformu i benzenu byt zbiy.

0.44 T T T T T T T T g T g T

0.42 - BENZEN % 4

CHLOROFORM

> o

THF

0.40

0.38

0.36

Rys.3. Wykres zalaosci wspofczynnika spektroskopowego F sondy TEMPQzpuszczonej w wodnej
zawiesinie liposoméw EYL, od gtenia rozpuszczalnikow. Wagt procentowe sten, podano w odniesieniu
do wody.
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Na Rys.4, przedstawiono wykresy ilustice wplyw stzenia rozpuszczalnikdw, na
parametr spektroskopowy, sondy 16-DOXYL, umieszczonej wgrodku dwuwarstwy
liposomdéw EYL. Wzrost parametry wskazuje na zmniejszenie ptyricobton liposomow
(czas rotacji sondy #kcie). Najmniejsze zmiany parametru, zaobserwowano dla
chloroformu, wprowadzonego do dyspersji wodnej dpomdéw, co wskazuje na stabe
oddziatywanie tego rozpuszczalnika, smdkowa czescia bton liposoméw w badanym
przedziale stzen. Najwicksze zmiany parametru, zaobserwowano dla benzenu, ktéry
powodowat niemal monotoniczny wzrost jego wéetov badanym. Natomiast, najbardziej
dynamiczne zmiany parametm) wywotywat rozpuszczalnik THF. W pogtkowe] fazie
domieszkowania, powodowat zmniejszenie want@arametru, dopiero povgj stzenia 2%
nastpit silny jego wzrostSwiadczy to o dwustopniowym dziataniu rozpuszczanitiF na
srodkowg czes¢ dwuwarstwy lipidowej. W pierwszej] fazie, ngsbwato uptynnienie,
natomiast powsej 2% zwekszanie sztywnii srodkowej czsci btony.

5.6 T T T T T T T T T T T T T T

* BENZEN

® CHLOROFORM

t*10"s

Rys.4. Wykres zalmosci wspotczynnika spektroskopowega sondy 16-DOXYL, rozpuszczonej w
dwuwarstwie liposoméw EYL, od efenia rozpuszczalnikbw. Wadd procentowe sten, podano w
odniesieniu do wody.

Na Rys.5, przedstawiono wykresy ilusticg wptyw stzenia rozpuszczalnikow, na
parametr spektroskopowy,, sondy 5-DOXYL, umieszczonej w powierzchniowejesd
dwuwarstwy liposomow EYL. Wzrost parametiiy, wskazuje na zmniejszenie ptyrico
bton liposoméw (wzrasta upardkowanie lipidéw w btonie). Najmniejsze zmiany paetru
T, zaobserwowano dla domieszki benzenu, wprowadzodeglyspersji wodnej liposomow.
wskazuje to na stabe oddziatywanie tego rozpusaikzglz czscia powierzchniow btony, w
jej hydrofobowym obszarze. Pozostatle rozpuszczalnikieznacznie usztywniaj
powierzchniowy obszar btony.

Na podstawie analizy zmian parametréw spektroskgpb, zastosowanych w
pomiarach sond spinowych, gma wychagna¢ nastpujace wnioski:

- Najwigksze zmiany, wywotane wptywem  rozpuszczalnikbw bany liposomow,
zaobserwowano w warstwie powierzchniowej, dla beazechloroformu - znaczne zmiany
wspotczynnika F dla sondy TEMPO (Rys.3).

- Najwigkszy wplyw na warstw srodkowa btony, zaobserwowano dla rozpuszczalnikow
benzenu i THF - znagze zmiany wspotczynnika,Tdla sondy 16-DOXYL (Rys.4)

- Wplyw rozpuszczalnikbw na warsgwpowierzchniow bton liposomoéw byt odmienny
anizeli na czs¢ srodkowa (hydrofobowa). Co sugeruje rozhmianie struktury, na styku woda
- gtowki polarne i usztywnieniu struktury wewtre srodka dwuwarstwy lipidowej.
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Rys.5. Wykres zalaosci wspélczynnika spektroskopowegd, sondy 5-DOXYL, rozpuszczonej w
dwuwarstwie liposoméw EYL, od egfenia rozpuszczalnikbw. Waid procentowe sten, podano w
odniesieniu do wody.
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Cytochrome bgccomplex is an essential part of several respiyaod photosynthetic
electron transport systems. This multicomponemtsireembrane protein contains four redox-
active, metal centres: a Rieske iron-sulphur ctuy@iee-2S) embedded in iron-sulphur protein
(ISP), two hemsb of low and high redox potentiab( and by, respectively) embedded
cytochromeb subunit andc-type hem in the cytochrome; subunit. The enzyme catalyzes
electron transfer between membrane pool of ubiquesoand water-soluble cytochrome
pool and couples this process with proton transiogaacross the membrane. The intriguing
part of the catalysis is, first, the unique reattad electronic bifurcation that takes place in
the Q catalytic site and, second, the large-scale mouemkthe extrinsic domain of ISP
subunit. This movement is necessary to shuttletreles from ubiquinol bound in Qto
cytochromec;.

The interactions of the reduced Rieske cluster {&=4ith other cofactors of cytochrome;bc
possessing magnetic properties in certain redotesstacan be investigated with electron
paramagnetic resonance continuous wave (CW) anske pgpectroscopy. In particular, we
applied pulse EPR to examine the interaction betvilee reduced (2Fe2S) cluster and hem b
(spin S=1/2 in oxidised state), that takes pladhiwithe range of approximately 2.6-3.6 nm.
We identified the relaxation process in which thagmetic interactions between those centres
are manifested, and explained the results usindgfusidn-based mode of the (2Fe2S) head
domain movement [1]. The interactions between tlatres were manifested as the
enhancement of phase relaxation of the (2Fe2S)eclusduced by the relaxation of hdm
We found that the treatment of cytochrome fgth inhibitors lead to the changes in the
enhancement, when compared to the non-inhibitegne®z This method provided a direct
experimental description of changes in dipolar ¢tiogpbetween the (2Fe2S) cluster and
hemeb, of cytochromebg;.

In other type of experiments with the use of CW ERBasurements, we detected a
new EPR signal associated with the enzymatic agtiei cytochrome bgc This g = 1.94
signal was assigned as one originating from semaneé generated at,(Jdenoted Sg

coupled to the Rieske cluster (2Fe2S) by sppin exchange interaction. By analysing the Q-
and X-band EPR spectra of this coupled system, stiemated the 3500 MHz value of the
isotropic exchange coupling constang}, (hich is strong enough to create the,SQFe2S)

triplet state at the lower magnetic field [2]. Rgntiion of stable SQ reflected in g = 1.94
signal offers a new perspective on understandiagrtechanism of £xsite catalysis.
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Redox properties of melanins have been consideseahgortant for many years. The
detection of melanin in biological samples is basedts ability to reduce the silver ions to
metallic silver. The many investigations have shalat the basic redox properties of the
polymer can be qualitatively described in termshaf redox properties of melanin monomer
subunits (quinone) but no quantitative data wemvided to characterize the fundamental
thermodynamic parameters of redox activity of melarsuch as redox potential. It is known,
the quinones can be involved in several electroh) @&d proton (PT) transfer processes.
Additionally, melanins reveal an unique propertyoa the biopolymers, the posses the
stable paramagnetism of free radical origin (p&geissemiquinones) and melanins have an
easily detected ESR signal. This features makenmmsghe convenient object for study ET
and PT transfers using both EPR spectroscopy auairethemical methods. In the study,
using ESR spectroscopy and potentiometry (redoxaaidtbase titration), the values of two
important thermodynamic parameters were estimaie@OPA melanin (DM): the apparent
standard redox potential Eabout 700 mV vrs. NHE) and& midpoint potential at pH=7
(about 300 mV). An approximate ;#pH diagram for DM was also constructed and disediss

It was found, that quinone groups of melanin indeledermine its ET and PT
properties, melanin has a huge electron capaciytlaat redox reactions between DM and
strong oxidants (cerium and permanganate ions) aaw®perative character.
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We propose to use ultrasonography (US), MagnetisoRa&nce Imaging techniques
such as angiography visualization by Time of FlighOF), Dynamic Contrast Enhanced
(DCE) and Diffusion Weight Imaging (DWI), as wels &PR imaging to assess tumor
development, tumor vasculature development and tegponse to therapy.

Lewis Lung Carcinoma tumors were grown in C57blfd&e. Vasculature was
estimated by ultrasonography with Doppler and PWden@VEVO 2100), Laser Doppler
Perfusion Imaging, EPR spatial-spectral imaging carboxyproxyl (CP) and
immunohistochemistry. EPR imaging was performedhgisBruker 540 L-band imager,
whereas MRI measurements were obtained on 9.7Tdyiiém (Bruker Biospin).

Morphology of the tumor, the exact tumor location waell as structure of tumor
vasculature and tumor-surrounding vasculature wakiated using US. Angiography both by
TOF and by US showed a decrease in vessel denstty wwmor growth. Tumor
microenvironment and vasculature parameters sudiffasion, perfusion and blood flow, as
well as distribution of CP density, reflected deteation in tumor vasculature function during
tumor growth.
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W pracy przedstawiono model komputerowy dynamikirstigy powierzchniowej
bton lipidowych. Model ten zorientowany byt na bada parametrow btony, ktore
korespondy z wynikami pomiarow wykonywanych metwpEPR [1]. W szczegolisoi
badania te byly ukierunkowane na wyznaczaniu zreiywndaci btony w obecnéci roznych
domieszek. W czasie badado warstwy powierzchniowej btony, wprowadzane byty
domieszki posiadage tadunek elektryczny (punktowy lub liniowy) kténddziatywat z
gtébwkami polarnymi fosfolipidow. Oddzialywania tegraz wzajemne oddziatywania
polarnych gtébwek, w znacznym stopniu determindynamilc blony. Istotny wplyw na
zachowanie blony ma ta& oddziatywanie polarnegdrodowiska, oraz oddziatywania
tancuchow stowarzyszonych z gtdbwkami polarnymi. Gtovgdlarne fosfolipiddw w tym
modelu g reprezentowane przez dipole elektryczne. zdyaz dipoli posiada trzy stopnie
swobody: pierwszy to ruch rotacyjny wokét osi popsidiej do plaszczyzny btony i
przechodzce] przez srodek symetrii dipola, dwa pozostale zwane § z ruchem
postpowym w plaszczinie warstwy. Przemieszczanigodka dipola w powierzchni
warstwy jest ograniczane przez zmane z nim tacuchy weglowodorowe, w efekcie dipol
zachowuje s jak cazstka uweziona w pewnej przestrzeni za pomadego tacucha. W
prezentowanym modelu, ograniczenie to uwdglono w hamiltonianie uktadu przez
wprowadzenie pewnego hipotetycznego oddziatywaWig¢siadajcego nasfpujace cechy:

e potencjat posiada minimum w punkcie wyznaczonym eprzpotaenie

stowarzyszonego z nimreaucha,

e potencjat ten zapobiega nakfadani¢ dipoli, tzn. rénie do nieskaczondci przy

bardzo matych odlegégiach pomg¢dzy dipolami.
Powyzsze warunki spetnia dobrze znany fenomenologicotgnejat Lenarda — Jonesa (L-J) .

V(r) :4{[?) —(fj } (1)
gdzie:

- r jest odlegtécia pomicdzy srodkami dipoli,

- ¢— parametod wartdci ktorego zaley glebokas¢ potencjatu,

- 6- wartg¢ tego parametru okila miejsce zerowe potencjatu-peémie minimum
potencjatu.

aleznos¢ takiego potencjatu od odlegia r przedstawia Rys. 1.

NS

Rys.1. Potencjat Lenarda — Jon&sH(r).
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W niskich temperaturach warstwa lipidowa przyjmwgguktue krystalicz o statych
sieciowychdy ktorych wartdci znane g z literatury. Warté¢ ta pozwala na wyznaczenie

parametrw w potencjale L-J
1

o=2°%d, 2
Natomiast parametre (gtcbokas¢ potencjatu) byt parametrem symulacji dobieranym
eksperymentalnie.
W prezentowanym modelu, hamiltonian ukfaduzme przedstawi go jako sum trzech
skfadnikow:

H=H,+H,+H,
Sktadnik H opisuje obrotowy stopfe swobody i oddziatywanie pordzy dipolami
elektrycznymi

L2
H, = Zj +) U,
) (i<i)
L — moment pdu dipola,
| — moment bezwtadroi dipola,

U; - energia potencjalna oddziatywania dipoli.

_ € 1 _ 1 N 1 1
ATE &, ‘aij+a—a‘ ‘(TJ‘%‘&‘

‘dij -4, +a1‘ ‘dij +a, +a1»‘
Znaczenie parametrogy oraza; wyjasnia Rys. 2:

i%

Rys. 2. Parametry opisigie wzajemne pot@nie pary dipoli

(5)

ij

Czs$¢ Hy  hamiltonianu stopnie swobody zwane z ruchem pagiowym i zawiera
wspomniane oddziatywanie L-J

i I\/IViZ+ B 12_ P 6
et GG

gdzie:
M - masa efektywna opisita bezwtadné¢ ruchu gtowki lipidowej wraz z fecuchem.

Wprowadzenie hipotetycznego potencjaty L-J nie Uathgia w petni wptywu tacuchéw na
warstwe powierzchniow, poniewa same tacuchy nie g nieruchome lecz podlegajvtasne;
dynamice wynikajcej z oddzialywa van der Waalsa. W prezentowanym modelu ten
dodatkowy wptyw na warstyv powierzchniowy oznaczony jest przez zshskiadnik ten
zawiera réwnie energie oddziatywanigrodowiska. W modelu ten czton zostat uvelyliony

108



Il FORUM EMR-PL 23-25.vI.2014 Wyklady i Komunikaty

w postaci oddziatywa o charakterze stochastycznym jako zaburzenia aebjezan Hi+H..
Wielkos¢ tego zaburzenia jest proporcjonalna do temperatdey wzgédu na losowy
charakter oddziatywa srodowiska oraz warstwy wewtiznej na dipole w warstwie
powierzchniowej, do symulacji komputerowej pasino s¢ metodami Monte Carlo,
wykorzystupca algorytm Metropolis’a [2].

Przeprowadzone symulacje komputerowe wage#niu z pomiarami EPR pozwolity okhe

I zinterpretowa szereg wiasrigi bton lipidowych. Jednym z ciekawszych wynikowtdoy
okreslenie zachowania siczastek AmB umieszczonych na powierzchni btony w zabéci
od ich koncentracji. Przeprowadzane pomiary EPRizmamwyranie wskazaly na istnienie
dwéch ekstremow (zwkanych ze sztywrigia btony) w rejestrowanym widmie EPR w
czasie zwikszania koncentracji ggtek AmB (Rys. 3,4).

1.05 Y Y T

1.04

0.99 -

0744 A

0.97 4

0 . YoCr%) ¢ o 0 2 4 6 8
Rys. 3. Zalenos¢ spektroskopowego parametru F/FO Cl%)

(FOL0.24) od koncentracji domieszek AmB. Rys. 4. Zalenos¢ spektroskopowego parametru Tk/Tk

(TkO24.051 mT) od koncentracji domieszek AmB.

Pomiary przeprowadzono przyyciu sond, ktore lokuj sic zarébwno wewstrz warstwy jak i
przy powierzchni warstwy. W przypadku sondy ulokoejawewmntrz warstwy, jedno z
ekstreméw bylo zdecydowanie eksze, co sugerowato gkszy wptyw domieszki na witrze
warstwy. Aby to zjawisko wyfai¢ przeprowadzono symulacje, w ktorych rozpatrzongedw
mozliwe orientacje czstki AmB, w pierwszym przypadku gztka lezy na powierzchni btony
w drugim rotuje i ustawia sipionowo, czsciowo wnikapc do wretrza warstwy Rys 5.

B e &

- - 1

- _..-“- ¥

’ £ &
(5 ¢ »

Hﬂﬂ 1

Rys. 5. Maliwe orientacje czstki AmB wzgkdem warstwy btony.

Przeprowadzone symulacje wykazaty poprasntakiej interpretacji. Wedtug symulacji w
przypadku czstek AmB prostopadtych do powierzchni btony ekswemsztywndci btony,
wynikajace z energii wizania, powinno wygpi¢ przy koncentracji ok. 0,5% (Rys. 6A),
natomiast dla AmD lacych na powierzchni btony przy okoto 1, 7% (Rys.6B)
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Rys. 6. Symulacje zmiany energiiazania A - dla castek AmB prostopadiych do powierzchni blony, B & dI
czastek AmD leacych na powierzchni btony

Takie wianie ekstrema wysgpuja w pomiarach EPR i w przypadku A otrzymujemy dpbr
zgodnd¢ potazenia ekstremum tak w sensie ilsciowym. W przypadku cistki lezace) na
powierzchni btony pomiary EPR wskazuja nieco wysze wartéci koncentracji, przy ktorej
wystepuje maksymalne usztywnienie btony, przekragzaj2%. Te rénice mog wynikat z
przyjctego w modelu liniowego rozktadu tadunku wzdhrastki AmB, ktory jest istotniejszy
w przypadku czstki lezacej na powierzchni. Przedstawione tu rezultatyagsipublikowane

w pracy [3].
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Komunika}t _
ZWIAZKI KOMPLEKSOWE JONOW METALI Cl EZKICH
Z SEMICHINONAMI

Maria Jerzykiewicz, Maciej Witwicki
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Przeprowadzono systematyczne badania oddziatyyeenOw metali atzkich z
rodnikami semichinowymi zawartymi w naturalnych er&tach organicznych, wrdzy
innymi w substancjach huminowych. Reakcje tych jona kwasami huminowymi i
fulwowymi réznego pochodzenia oraz kwasem taninowym prowadzdy pdwstawania
nowych rodnikéw [1]. Wyznaczony z widm EPR parangtnowopowstatego rodnika jest
bardzo obriony i skga wartdci nizszych ni dla swobodnego elektronu.

Stezenie nowopowstatych rodnikdw wzrasta ze wzrostegpesia wbudowanego jonu
metalu, natomiast gtenie pierwotnego rodnika semichinonowego pozo$tepezmian [2].

W celu okrélenia struktury i mechanizmu tworzeniae sirodnikow wskutek
oddziatywania jonow metali etkich z ukladami chinon/hydrochinon przebadano ukiad
modelowe. Wiéciwymi modelami semichinonéw naturalnych Sle@ujacymi jednostki
strukturalne obecne w kwasach huminowych i fulwadwyikazaty si rodniki powstajce
przez utlenianie kwasoéw di- i trihydroksykarboksyleh oraz di- i trinydroksybenzendw.
Zbadano kwasy hydroksybenzoesowe i hydroksobezwengznych ilosciach i pozycjach
grup OH.

Hg(ll)-cte Hg(1l)-234-thb

pasmo X
9.6 GHz

0.344 0.348 0.352 0.356 0.344 0.348 0.352 0.356

linie wzorca Mn:MgO

pasmo Q
34 GHz

1205 1.210 1.215 1220 120 121 1.22
Pole magnetyczne [Tesla] Pole magnetyczne [Tesla]

Rys.1. Widma EPR kompleksu rodnika otrzymanegqatiaw Hg(ll) z katecholu - Hg(ll)-cte oraz kwasu423
trinydroksybezoesowego Hg(ll)-234-thbe

Powstawanie nowych rodnikow pod wplywem oddziatyiman Pb(ll) z powyszymi
zwigzkami modelowymi bylo obserwowane tylko dla ukladdwosiadajcych grug
karboksylows oraz co najmniej dwie grupy hydroksylowe. Dodatkowzajemne potzenie
grup OH okazalo si by¢ szczegdlnie wae, bowiem tylko grupy w pod@niu orto
umazliwialy utworzenie s¢ rodnikdw
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W przeciwigistwie do oddziatywania z jonami Pb(ll), jony Hg(lpowodowaty
powstanie komplekséw rodnikéw o charakterystycabeizonym parametrze g niezatee
od posiadania przez modelowe zeki grupy karboksylowej, tak wt trwate rodniki o
niskim parametrze g powstawaty rowhnidla katecholu czy pirogalolu. Podobnie jak dla
jonéw otowiu(ll), jony reci(ll) selektywnie tworzyty rodniki z kwasami posliajacymi grupy
hydroksylowe w pozycjorto.

Otrzymane widma EPR w gaie X (9.3 GHz) mialy niesymetryczny ksztalt i
sugerowaly struktyr anizotropowa lub/i powstanie wicej niz jednego rodnika. Widma w
pasmie Q (35 GHz) [3] ujawnity anizotropowy charakterdma i umaliwity odczytanie
parametrow g — rysunek 1.

Generowanie rodnikdbw pod wpltywenxei(ll) byto procesem bardziej efektywnym
niz to byto obserwowane dla Pb(ll). W przypadku ligan@dnikowego, pochodzego z
kwasu galusowego @ftenie rodnikdw uzyskanych w wyniku stosowania jon®k(Il)
wynosito 1,9-18 spinéw na gram, a w przypadku jonéw Hg(l) 8187 spinéw na gram
badanego kompleksu — tabela 1

Tabela 1. Gtébwne sktadowe macierzy g, otrzymane przez syopul&idm EPR w pémie Q (34
GHz), stzenia spindw zostaty wyliczone na podstawie widmpasmie X. Jako wzorzec &tenia
spinbw zastosowano kwas huminowy z leonardytu (zaky w International Humic Substances
Society) oraz pastytkalaniny firmy Bruker. Tabela przedstawia kompleksg(ll) z rodnikami
otrzymanymi z: ta - kwasu taninowego, ga - galugmweella — elagowego, pyro — pyrolalolu, ct -
katecholu

Stezenie spindw.

9 % o Gso x 10"(spin6w/g)
Hg(ll)-tae 2.0037 2.0020 1.9987 2.0015 5.2
Hg(ll)-gas 2.0050 2.0028 1.9978 2.0019 9.8
Hg(l)-ellas 2.0038 2.0023 1.9987 2.0015 12.0
Hg(Il)-pyroe 2.0040 2.0015 1.9990 2.0015 5.0
Hg(ll)-cte 2.0038 2.0024 1.9985 2.0016 22.2

Proponowane schematy powstawania rodnikéw ozolmej wartdci parametru g dla
Hg(ll) i Pb(ll) roznia sig. Dla jondw otowiu mechanizm reakcji powstawaniamnia o
parametrze g mszym od elektronowego jest oparty na dwoéch etap&ibrwszym jest
powstanie diamagnetycznego kompleksu w ktorym jddllPjest skoordynowany przez
grupz karboksylow a nastpnie utworzenie paramagnetycznego kompleksu prédenienie
jednej z grup hydroksylowych tlenem z powietrza.kd adwuetapowa koordynacja jest
korzystniejsza energetycznie, utlenienie skomples@go hydrochinonu jest tatwiejsze.

W przypadku jonéw Hg(ll) reakcja utleniania politén pod zachodzi prawdopodobnie
gtéwnie pod wpltywem jonéw metalu a nie tlenu atreogiznego, utlenianie me wigc
wyprzedza proces kompleksowania. Nie jest wykluczone jesiniéz ze iz oba te procesy
zachodz réwnoczénie.
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Abstract:

Hemoglobin can be regarded as a natural spin trAghwallows NO (nitric oxide)
measurement with high selectivity using EPR spsctipy. We have shown that hemoglobin
is very sensitive to the presence of NO as welleastive oxygen species (ROS), therefore
from the EPR spectra of blood it is possible to iworboth nitric oxide and reactive oxygen
species.

EPR spectra of blood show additional signal at gwhich partly overlays the
nitrosylnemoglobin signal. It was shown, that theensity of the g=2 signal strongly depends
on the details of the sample preparation. Amongynactors are: the method of anesthesia,
the parameters of sample centrifugation and — alslyo— the concentration of oxygen and
other ROS. The relative amplitude of the g=2 andNBlsignals defines the parameter which
can be used to describe the functional conditioenalothelium in various animal models. The
aim of our study was to investigate the possibityanalyzing both nitric oxide and reactive
oxygen species formation from blood using a sisgiaple.

Using parameters of an isolated "g=2" signal itpisssible to algebraically restore the
spectrum of nitrosylnemoglobin. This enables cdromtermination of NO level in samples
showing a significant distortion of the EPR sigoalised by overlapping HbNO and/ROS
signals. This method can prove to be extremelyulisefblood sample analysis using EPR
spectroscopy.
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Abstract

The exemplary synthetic and natural dental biomateapplied in implantology were
examined by the use of electron paramagnetic resendEPR) spectroscopy. Dental
biomaterials with complex chemical structures réwealti-component EPR spectra, which
are the superposition of several component linbs. &im of this work was to determine the
effect of microwave power on the shape of the speethe sum of different lines. The shape
of the complex spectra changes with microwave ppveerd this effect is useful to
characterize types of paramagnetic centers in beataples.

The first-derivative spectra at room temperatureeweeasured with an X-band (9.3 GHz)
EPR spectrometer of Radiopan Firm (Paznaoland) and the Rapid Scan Unit of Jagmar
Firm (Krakow, Poland). Numerical acquisition of thgectra and their analysis were done by
spectroscopic programs of Jagmar Firm and LabVieM8A). Microwave frequency was
measured by MCM101 recorder of EPRAD Firm (Pdzr@oland). The biomaterials were
placed in the thin walled glass tubes with the mtkediameter of 3 mm.

Double integration of experimental spectra was donebtain free radical concentrations
in the samples. Ultramarine and the ruby crystatewthe references. g-Factors were
calculated from the paramagnetic resonance condifibe total microwave power produced
by klystron of the EPR spectrometer was 70 mW. ififlaence of microwave power on the
shape and parameters of the EPR spectra was de¢ekn@hanges of linewidths, amplitudes,
and integral intensities with increasing of micre&gower in the range from 2.2 mW to 70
mW were drawn.

The EPR spectra of the exemplary dental biomattatahe measurements with different
attenuations are presented in Figure 1.

EPR spectra of all the tested biomaterials stronfggnged with increasing of microwave
power. The changes depend on composition of th@leamComplex character of free radical
systems in the tested biomaterials was confirmed.
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N
B C

Figure 1. EPR spectra of the exemplary naturaladdmdmaterial recorded with attenuations (a) 10 @B
6 dB, and (c) 2 dB. B — magnetic induction.
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FREE RADICALS IN UV IRRADIATED NATURAL DENTAL BIOMA TERIALS
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Electron paramagnetic resonance spectroscopy wes tas examine influence of UV
irradiation on free radicals in natural dental batemials. The changes in free radical
concentrations and their properties after expasitive tested samples to ultraviolet were
determined. The practical application of this stuslyo optimize storage conditions of the
analysed biomaterials.

Natural dental biomaterials were exposed to UVAffddent times of irradiation were
used. The samples were irradiated during timesienrange from 10 minutes to 60 minutes.
The UV irradiation was done by the use of Medisé Bamp with 4 radiators with power of
20 W. The UVA wavelengthsi) were in the range of 315-400 nm. The irradiatioas
performed with the lamp — sample distance of 30 cm.

The first-derivative EPR spectra for the originaldaUV irradiated biomaterials were
compared. The studies were performed for the samgbeed in the thin walled glass tubes
with the external diameter of 3 mm at room tempeetThe measurements were done by an
X-band (9.3 GHz) EPR spectrometer of Radiopan Kirozna, Poland). The Rapid Scan
Unit of Jagmar Firm (Krakéw, Poland) was the nuaracquisition system. Spectroscopic
programs of Jagmar Firm and LabView (USA) were udedng the measurements and
spectral analysis. Microwave frequency was measoyddCM101 recorder of EPRAD Firm
(Pozna, Poland).

Free radical concentrations in the samples werermi@ted by the use of ultramarine as
the stabile reference. g-Factor characterized ilatadn of unpaired electrons in the dental
samples was calculated from the paramagnetic raseneondition as: g =vhugB;, where: h
— Planck constanty — microwave frequencyys — Bohr magneton, B- induction of
resonance magnetic field.

The changes in free radical system of the testadaladental biomaterials caused by UV
irradiated were confirmed. These effects stronglyeshd on composition of the samples.
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Electron paramagnetic resonance spectroscopy ituluseethod in medicine [1-4],
pharmacy [5-8], and biotechnology [9-10]. EPR asiglyis applied to characterize free
radicals in major tumor cells and cells treatechvantitumor drugs [1-2]. There is known
EPR studies of melanin polymers and their complex#s metal ions and drugs [3-4]. EPR is
applied to study the sterilized drugs [5-8]. Freglicals in biomaterials, for example in
biopolymers fronSepia officinalisvere tested by EPR method [10].

In this work different types of dental biomateriaksed in implantology were studied. The
tested biomaterials are important for bone regeinergll-12]. Paramagnetic properties of
these samples were not analysed so far. The aimuofwork was to determine type of
paramagnetic centers existing in the natural demtelterials, their properties and
concentrations in the samples. The knowledge almaramagnetic centers in dental
biomaterials is important from the point of view tbkir interactions with tissues during the
therapy.

EPR measurements were done by the use of an X{@ah&Hz) EPR spectrometer with
magnetic modulation of 100 kHz, produced by Radiopgarm (Pozna, Poland). The
numerical acquisition of the spectra was perforrogdhe Rapid Scan Unit of Jagmar Firm
(Krakéw, Poland). Microwave frequency was measurgdViICM101 recorder of EPRAD
Firm (Pozna&, Poland). The low microwave powers wer used tddagmnal saturation. The
spectroscopic programs of Jagmar Firm and LabVie8A) were used. The following
parameters were analysed: g-factors, amplitudes if®ggral intensities (I), and linewidths
(AByp). Free radical concentration (N) in the materiaés determined. Ultramarine was the
reference.

Paramagnetic centers exist in all the tested nadleratal biomaterials. EPR spectra were
observed for all the samples. The exemplary EPRtspare presented in Figure 1.

The EPR spectra of the dental biomaterials maeNgaled the complex character, so
several types of free radicals exist in the teseuples. The major free radicals interactions
with tissues are expected. The differences in rfagkicals concentrations in the biomaterials
and their consequences in implantology was disclsse
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Figure 1. The exemplary EPR spectra of the testtutal dental biomaterials. The spectra were medsuith
attenuation of 10 dB. Total microwave power produbg klystron was 70 mW. B — magnetic induction.
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The construction of multinuclear transition metamplexes (MTMCs) remains a
popular research area in the field of coordinaiod material chemistry. This is mainly due
to the peculiar structure diversity of MTMCs anckithpotential application as functional
materials in the fields such as catalysis, photousiey, ion exchange, sensor technology and
magnetic materials. In recent years polymetallig2]2 [3x3] and [nxn] molecular grid
systems containing conformationally rigid, tetrdeac macrocyclic ring systems with
approximately 90° bond angles about each metatlioer have attracted the eyes of various
research groups. Some of these clusters show stnoegnetic interactions and single
molecule magnet (SMM) behavior. In this contextpmer(ll) complexes are of particular
interest because of the flexible coordination spledrCu(ll) ion and versatile applications of
its complexes in various fields such as magnetisalogy, medicine.

It is of importance to understand the nature of meéigm in the novel MTMCs
clusters with symmetric ligands. The exchange elgsof magnetic ions in the MTMCs are
the simplest ferromagnet or antiferromagnet whieesexchange interaction between a small
numbers of magnetic ions has to be taken into adcd@n the other hand, their magnetic
properties depend strongly on the symmetry, elamrmature of the magnetic ions and
structure of the nearest neighboring ligands. THas®rs strongly affect the EPR spectrum.
The EPR technique is known to be a pivotal todhm study of exchange clusters ensuring its
effectiveness because of the high sensitivity, ctieiey and big analytical background
accumulated over many decades of using EPR.

The single crystals EPR studies of three novel ICufbordination polymers
(monomer, dimer and tetramer) are reported. Thesemted polymer complexes were
characterized by elemental analyses and spectriosaopthods. The structures were
unequivocally confirmed by X-ray diffraction, andrther studied by means of EPR and
magnetic susceptibility measurements.

1. Monomer complex.

The spectrum of two-dimensional coordination polyif@u,(L)2(NCS)], consists of
one resonance line which is completely isotropicomm temperature. The intensity of the
line is proportional to the inverse of temperatdosvn to the lowest temperature, available in
the experiment (3.7 K). At low temperature the neswe line becomes slightly anisotropic
pointing on the presence of Jan-Teller effect pfor CUf* ions in octahedral environments.
This CU* site is characterizing by isotropic g-factor egu2l066 at room temperature while
at T = 7 K the g-factor varies in the range 2.06052.

2. Dimer complex (One-dimensional coordination pody of Cu(ll), [Cu(L)2(uz-1,1-
OAC)(12-1,3-OAc)]n, Where HL = E)-N'-(phenyl(pyridin-2-yl)methylene) isonicotinhydra-
zide, OAc = acetate anion).

122



Il FORUM EMR-PL 23-25.vI.2014 Sesja Posterowa

The spectrum consists of few resonance lines haliffgyent temperature behavior.

Fig. 1. Molecular structure of complex [&L)»(u-OAc)(u-OAC)4],

The narrow asymmetric resonance line located ar@20@® Oe decreases its intensity
upon heating. Other resonance lines located at 2680 Oe and ~3600 Oe increases its
intensities with temperature. The opposite tempeeatiependence points on the presence of
various magnetic interactions between Cu atoms. dbiained experimental data were
interpreted in terms of the model, that takes adoount the presence of two different types of
exchange coupled Cu-Cu pairs (dimers). This mosleduipported by crystallographic data.
The first type of Cu-Cu pair with copper separation 3.213 A is coupled ferromagnetically
(FM). The energy spectrum of FM coupled pair cass singlet and triplet spin states
where the triplet state is the ground state. Tloerse type of Cu-Cu pair with d = 2.627 A'is
coupled antiferromagnetically (AFM). The energydkisvof AFM coupled pair are reversed to
the FM one and the nonmagnetic singlet becomegrthend state. The zero-field separation
singlet-triplet is proportional to the isotropicrpaf bilinear exchange interactionsl—

At low temperature the EPR spectrum is dominatednisnse signal from the FM
coupled pair, whereas triplet levels of AFM pairs depopulated. Upon heating the signal of
FM pairs decreases with a faster rate than 1/Tiador paramagnetic isolated Cu ions, while
triplet of AFM pair becomes populated giving rise riew resonance lines. The exchange
coupling constants for both dimers were estimatesnfthe temperature dependence of
magnetic susceptibility (T).

3. Tetramer complex (tetranuclear [2x2] clusterCaf(Il) with symmetric carbohydrazone
based ligand, [CiLy]'4NOs1.6H0, {where HL donates bisH)-N'-(1-(pyridin-2-yl)
ethylidene)] carbohydrazide}).

At low temperatures (Fig. 3) the spectrum con®$igroup of four intense equidistant
lines associated with single ion Cu(ll). The inignsf these lines decreases monotonically
upon increasing temperature until complete diminighat around 100 K. In the region of
about 40-50 K a new resonance lines become visilhlese lines are labeled as (1)-(4) in Fig.
3 and their intensities shows non-monotonic behawsotemperature. It indicates that these
lines belong to the exchange coupled complex while lines in low temperature region are
due to isolated Cu(ll) ions with clearly seen hyier structure.
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Fig. 2. coordination environment around metal catesving that two copper atoms are above and teo ar
below plane perpendicular to fourfold inversionsaxi

The temperature dependencies of the integral iyeoisall resonance lines are shown
on Fig. 4. The open square symbol shows the totahsity of four lines of single Cu(ll) ions
that follows the Curie-like temperature dependefie.the other hand, the lines 1-4 change
nonmonotically with temperature. Line 1 reaches imaxn intensity at ~115 K, lines 2 and 3
reach maximum at ~125 K while line 3 — at ~200 KeTsolid circles represent the total
intensity of all resonance lines. The presence akimum on temperature dependence of
intensity points that corresponding resonance itiansoccurs between energy levels far
above non-magnetic ground state thus is thermaliyated. Based on crystallographic data
and stoichiometry in single crystals of tetramemptex, it is anticipated that the observed
resonance lines 1-4 originates from noninteractifgaramagnetic) centers of
antiferromagnetically coupled Cu—Cu—Cu—Cu tetraméwscording to structure, the four
Cu(ll) atoms form almost square with €Gu distance equals 4.070(1) A.

i 300K
0]
6]

] T " T T

20+ 180K
0
-20 i

20 +

04

=20 —

50

deriv. absorption, arb.unit

-50 —

200

0
-200

0 ' 1 ‘ 2 3
H, kOe
Fig. 3. Examples of EPR spectra of single crystatetramer. The labels (1), (2), (3), (4) markoresnce
transitions of Cytetramer. The group of 4 lines at 10 K shows yeeffine structure of single 3€Cu(ll) ions
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35

o Single-ion Cu(ll)
1 = (1)Hres=1450 Oe
304 v (2)Hres=2300 Oe
¢ (3) Hres=3160 Oe
1 4 (4)Hres=3700 Oe

25

20

Integral intensity, arb.unit

0 . 50 I ]tl)() . 1;0 I 2(|)0 . 2;0 l 3(I)0
T,K

Fig. 4. The temperature dependencies of the intégemsity of all resolved resonance lines. Theropquare

symbol represents the total intensity of four lioésingle Cu(ll) atoms. The solid circles repredée total
intensity of all resonance lines. The solid linkevg numerically calculated lines intensities vdof transitions
within different multiplets of tetramer spectrunt fb= 215 K (149 crif). The blue solid line shows the sum of
calculated resonance intensity of both tetramersamgle Cu(ll) ions. The inset show product TxIrsignvs T

and its best fit.

These data allow to assume that in the first amproand to avoid over
parameterization each of the nearest Cu—Cu pair chasacterized by the same exchange
coupling and the following spin-Hamiltonian was dise explain the EPR results:

e iﬂBHGiS +$Js+ S8 898 .S,

where 9 — the g-tensor determined earlier for single Qu¢ih, J — the second rank
dyadic tensor containing all the relevant exchapgeameters involves into the bilinear
exchange. The magnetic coupling between copper immsediated via ligands bridges. It
follows from the structure that there is no ligandsnnecting atoms through diagonal,
therefore no cross-coupling is assumed. The mosanmgful influence on magnetic

properties of tetramer comes from diagonal elemehtensord which are strictly related to

the isotropic part of exchange interactidn:%Tr{J}. In case of tetramer the isotropic
exchangedJ splits 16-fold degenerated level into four mukigl For antiferromagnetic
interaction §>0) the ground state is singlet. The first exciewdltiplet is triplet that could be
described by effective spi$=1. The separation between multiplets is propodioto
isotropic exchangd. The slight deviation from square to the distor@ad cluster does not
change multiplets splitting qualitatively but m#y tlegeneration of multiplets and could give

rise to the off-diagonal elements of tendoiheJ can be found by analyzing the temperature
dependence of the integral intensity of resonamms| The presence of fine structure with

effective spinS=1 was explained by small off-diagonal elementslofrelated to anisotropic
exchange. Due to high,Symmetry of Cu cluster, we assume that antisymmetric part of
anisotropic exchange is zer{ J;=0), and in the first approach every off-diagoriah®ents

of elements ofd can be reduced to the single paraméjgs; = const. The best agreement
witq experimental positions of resonance lines aesieved forJji<>=0.06 + 0.01 K (0.04
cm™).

The temperature dependences of resonance trassitiensity from different multiples of
tetramer as well as isolated Cu(ll) were calculseaad shown as solid lines in Fig. 4. The
overall intensity was a weighted sum the resondines of tetramer and isolated Cu(l1Jank

= (1-0)ltetramert Plcumy- A good agreement between experimental and caétllzependencies
occurs ford = (215 + 15) K (149 + 12 cif) and the fraction of isolated Cu(ll) is~ 2.5%.
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Metal-organic frameworks (MOFs) are the youngeas<lof the molecular sieves and
they attract a great and always growing attentidn both academic and industrial
investigation. The basic building blocks of thesatenials are metal cations (or metal cation
clusters) connected with organic bridging ligands rbeans of coordination bonds. The
resulting three-dimensional crystalline structureticate a high porosity with a well-defined,
uniform pore sizes and apertures. A huge numbedesicribed novel structures can be
obtained due to great variety of potential chema@hpositions and different geometry of
resulted porous structures. It provides a possilii prepare "tailor-made” materials suitable
for chosen application. There are a great numbegoténtial practical applications of these
materials, although their enormously high surfagaand uniform pore system makes them
particularly promising for gas storage and sepamaif mixtures.

They are prepared by the self-organization of amlmmixture containing respective
reagents and solvents. The hydrothermal and sawoi crystallizations are most often
used, but it is also possible to prepare some entby simple grinding of solid precursors
without any solvent. The preparation conditiongnfperature, time, pH, etc.) are very crucial
to obtain a desired structure.

One of the most interesting organic ligands usedfOF synthesis is imidazole. This
five-membered heterocycle compound can be readipratonated to form an azolate anion
which can strongly bond the transition metal catiofhe resulted metal - azolate framework
shows a very high thermal and chemical stabilithiclw is important for their practical
applications [1].

We obtained series of samples prepared from imidaand various copper Cu(ll)
salts dissolved in water in alkaline medium [2].eTérystallization was conducted either at
room or elevated temperatures for various periodimé. All the resulting samples are
crystalline but they show different structures aallvas different coloration (pink, brown,
blue, turquoise, gray, green, purple). The differenystalline structure and different
coloration are attributed to different environmeitcopper ions — flattened tetrahedral and
distorted square-planar geometry.

The aim of this study was structure characteripapepared samples by powder X-
ray diffraction (XRD) and using spectroscopic methaUV-Vis-NIR, FTIR and EPR).
Because the diazolate ligands linking the metas iare involved in a magnetic interaction
between paramagnetic Cu centers [3], we hope the BE®asurement could reflect the
differences in nature and structure of these coxeglén particular samples. Figure 1 shows
selected powder EPR spectra of the imidazolategbddCu(ll)-Cu(ll) centers in prepared
samples recorded at room temperature. There avedextisotropic signals of about g = 2.087
with the line width 32 mT and 51 mT respectively lbown and pink samples. The single
line in the cases of light green (g = 2.052) anekhlg = 1.956) phases undergo broadening
with the line width 124 mT and 147 mT respectiveénd for turquoise phase almost
disappears. The spectrum of purple flower-like tyslerived from separated one-spin
copper ions and has a form that is characteristi@afpowder crystalline sample containing a
paramagnetic ion with an axially symmetric g factath g = 2.052 and g= 2.234. The
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hyperfine line is so broadened that the hyperfingcture due to dipolar interaction between
ilons becomes unobservable.

Flower
Turquoise /

Brown

Blue

Light Green

Pink

8.9219 GHz

295K

[ T T T T T T T T T T T T T 1

0 100 200 300 400 500 600 700
Magnetic Field [mT]

Fig.1. Experimental EPR spectra recorded at roonpégature for prepared samples of copper (Il) —
imidazolate frameworks.

The presented preliminary results indicate thatsém@e or similar mixtures of initial
substrates (Cu and imidazole) afford the produ€tdiferent structure and properties. The
ESR spectra indicate various interaction betweencé&ions and imidazole ligands in the
samples under study.
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Weglan wapnia CaC®wystkpuje w dwdch gtdwnych odmianach polimorficznych
jako kalcyt i aragonit. Kalcyt, krystalizagy w ukfadzie trygonalnym, jest termodynamicznie
stabilny w warunkach normalnych. Aragonit, o stumke ortorombowej, jest mniej stabilny
niz kalcyt. Aragonit jest gtownym sktadnikiem musziektérych maty, peret czy korali,

a take wystpuje w postaci depozytow skalnych. Pod wplywem pemowania
jonizujacego w kalcycie i aragonicie powstajozne centra paramagnetyczne, ktorych
koncentracja mze stwy¢ jako miara dawki pochtogiej. Obie formy wglanu wapnia
wykorzystywane byly do datowania skamielin.

W syntetycznych wglanach wapnia powstgge centra paramagnetyczne zake g od
warunkéw syntezy. W prezentowanej pracy zbadandykty radiolizy aragonitu i kalcytu,
syntezowanego w Instytucie Ceramiki i Materiatdw dBwlanych, oraz poréwnano je
z wynikami dla kalcytu dogpnego komercyjnie (POCH, Specpure). Aragonit poiven
Z biatym koralem.

Badane probki napromieniowano wznych temperaturach (77 K i 293 K) fwodle
kobaltowym. Do pomiaru EPRzyto spektrometru Bruker ESP300, pomiar prowadzono
w zakresie temperatur 100-300 K. Dodatkowo zastasowsyntetyczny kalcyt i aragonit
znakowany wglem '°C. Takie zestawienie prébek i warunkéw pomiarowymbzwolito
sledzic zarowno produkty trwate radiolizy, jak i powstawani zmiany produktow
nietrwalych. Uycie prébek znakowanych™C pozwolito wéréd centréw o rénym
pochodzeniu wyodbni¢ i zidentyfikowa rodniki zlokalizowane na gglu.
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The aim of this work is to determine the type ofgmaagnetic centres that are
generated by and UV radiation in calcite (CaGpand the structural differences of those
centres depending on the size and morphology afahgples. The knowledge of the physical
processes involved in generation and recombinatibndefects is essential for the
understanding of such differences. The results beapf great significance considering the
abundance of calcium carbonate in nature and itk vaipplications in many branches of
industry e.g. as a filler in plastics, rubber arapgr [1], importance in dating [2] and
conservation of cultural heritage [3].

Four samples of ground calcium carbonate (GCC)eght samples of precipitated
calcium carbonate (PCC) were investigated using BR& Scanning Electron Microscopy
(SEM). SEM images reveal diverse morphology and sizcalcite grains. The mean diameter
of the GCC grains ranged from 2.1 to 2%. Different samples of PCC contain grains from
15 nm to 10um in diameter. While samples of GCC have a fornecroShed and irregular
calcite crystals, samples of PCC show a wide rafggructures — from fine rhombohedral
crystals to spherical and ‘cigar-like’ aggregates.

Analysis of EPR measurements shows that the UM lggbates similar defects in
calcite as the radiation. The effect of the UV light is the weakéomparing to the rays) in
the case of PCC samples of less regular morphelogpherical and ‘cigar-like’ aggregates.
This group of PCC samples and the GCC are the @m®g in which paramagnetic centres
related with the surface of material are obserwedBR. Moreover, our results suggest that
the presence, as well as stability of the iso-amdotropic type of carbonate defects Céahd
COs may be related to both the size and morphologyatdfite CaC@ samples — e.g. PCC
samples with spherical aggregates are charactebggatesence of the isotropic-type £0
defect. Those observations show that both the nebogk of the crystals and their size have a
significant influence on the presence of the paldic types of defects with characteristic
geometries generated by thand the UV radiation in the calcite.
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The property of Diluted Magnetic Semiconductors (®)Vhas potential applications in
the spin-dependent semiconductor electronics [H wuthe spin-spin exchange interaction
between the localized magnetic moments and the ledectrons [2]. We have studied
magnetic properties of zinc-oxide composite dopét high concentrations (20%) of Co and
Cr ions. Samples were obtained by the pulsed epgosition (PLD) method. Two samples
were annealed in 250 deg C. Electron paramagnesicnance (EPR) measurements were
carried out and temperature dependence of the EpRRBira was obtained. Analysis of the
temperature dependences of the integral inten$igRiR spectra was carried out using the
Curie-Weiss law. Results of all samples were shown.

ZnO:Cr annealed
ZnO:Cr non annealed

Intensity
(<))

T e e o e e e o LA A e s ey e e s S0 e e o e e e
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000
Field [G]

Fig 1. ZnO:Cr annealed (250 C) and non-annealéehgterature 95K
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Zn0O:Co non annealed
Zn0O:Co annealed
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Fig 2. ZnO:Co annealed (250 C) and non-annealézhgierature 100K

We used the Curie-Weiss law to analyze the temperalependences of the integral
intensity, which is directly proportional to the gmetic susceptibility. A linear increase of

X (M) at higher temperatures can be fitted to the Cw@ss law [3, 4].
XM -x,)"=(T-6,)/C (1)

where C is the Curie constan{CW is the paramagnetic Curie temperature, ddis a
temperature independent term to account for themametic host and any Pauli
paramagnetism contribution.
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Fig 3. ZnO:Cr annealed, with Curie temperatgFéN =166,6 C
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Fig 4. ZnO:Cr, with Curie temperatur%:W =140C
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Fig 5. ZnO:Co, with Curie temperatur%W =190C

In this study the magnetic properties of Cr andv@th a high concentration of 20%
were analyzed. The line in a broad asymmetric Dyswpe was observed, consisting of two
different lines staggered. We have determined fileenEPR lines the parameters: the peak-to-
peak line width (Hpp), the intensity (I) as well #ee resonance field (Hr). The results of
temperature dependence of EPR spectra for the sarapt linear extrapolations to the Curie-
Weiss law indicate the ferromagnetic interactiotwleen Co and Cr ions.

By analyzing the EPR linewidth behavior, similariasprevious paper [5] for low
concentration of ions, we claim that a combinededffof the exchange and dipolar
broadening plays an important role in the mechamghmewidth formation in this material.

132



Il FORUM EMR-PL 23-25.vI.2014 Sesja Posterowa

0,001 -

0,0009 -

0,0008 -

0,0007 -

0,0006 -

0,0005 -

0,0004 -

0,0003

0,0002 -

0,0001 +

L 4
01— o 4 + ¢ A

90 140 190 240 290

Fig 6. ZnO:Co annealed, with temperature Cl?ﬁ?!" =166,6 C
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Abstract

We report a study of the RMn,l> nanocrystals using electron paramagnetic resonance
(EPR). The composites nanostructures containing dieted magnetic semiconductor
nanocrystals of RgMnyl, with x in range from 0 to 0.08 have been prepared by ddibg
tchem into gelatin and polivinylalcohol matricesngscolloidal technology. The EPR spectra
consist of an intense broad line and several weatow lines which correspond to hyperfine
spectra of MA" ions. The temperatardependence of EPR spectra suggest of strong spin
exchange interactions due to presence of magnetmoparticles. The good agreement
temperature dependence of integral intensity of'Mar nanocrystals with the Curie-Weiss
law was obtained [1].

Introduction

Semimagnetic semiconductor nanoparticles such ashddad II-VI quantum dots (QDSs)
have attracted broad attention for magneto-optaradl spintronics applications [2,3]. If
transition metal elements (Mn, Co, Ni, Fe) withilledl 3D-shell are incorporated into Pbl2,
it results in a class of layered semimagnetic sendactors [4]. In particular, it is known that
platelet-shaped nanocrystals of lead iodide, uguglow in an organic polymer [5].
Obviously, such specific shape is due to layergstal structure of the bulk PbMnl

Experimental details

The EPR spectra were investigated in a wide raniggéemperatures from 100 K to
360 K using an EPR X and Q-band spectrometer (Brokdtifrequency and multiresonance
FT-EPR ELEXSYS E580). The temperature measurememst® done using the digital
temperature control system (BRUKER ER 4131VT), whallows the temperature range
from 90[K] to 360[K]. The samples were cutting lmetshape of a circle of the radius about
1.5 [mm]. Angular dependencies of EPR spectra at $ample orientations for the axis of
rotation in the plane of the sample and the axipgralicular to the plane of the sample in
room temperature were performed.

Results and discussion

The obtained representative EPR spectra for diffecencentration of Mii ions in  Ph.
xMnylo are shown in Fig.1. Each spectrum is a supeiposif two component spectra. The
first one consists of a broad lin&K in the range from 76.2 [mT] to 104.7[mT]). Thecend
one shows the typical fine structure for Mions.

Fig. 2 - Fig. 4 are shown the temperature deperedeneasurements of EPR spectra for
samples with different concentration of fions.

In sample with concentration of 8% manganium webseoved additional third, high-
anisotropy line (near 150 mT).
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Fig. 1. The EPR spectra of Kfrions in PR.,Mn,l, at room temperature.
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Fig. 2. The temperature dependence of EPR spefcha®d ions in Ph.,Mn,l, with x=0.08 — sample No. 1.
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Fig. 3. The temperature dependence of EPR spefia® ions in Ph.Mn,l, with x=0.08 — sample No. 2.
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Fig. 4.

The temperature dependence of EPR spefcha®d ions in Ph,Mn,l, with x=0.03.
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The effective spectroscopigqefactor and the peak-to-peak linewidth of the resme line
Hpp and parameters of hyperfine structure A were detexd.

The spin-hamiltonian for the Mh ion (electronic spin S=5/2, nuclear spin 1=5/2) in
a quadratic crystal field for orthorhombic distortiis given by [6,7]

He = gueBS+ Al xS+ D[SZZ —%S(S+1)}+%[SE+S_2] (1)

Where the first three terms represent the elear@@eman, nuclear-Zeeman, and electron-
nuclear hyperfine interactions, respectively. Hesend | are Bohr and nuclear magnetons,
respectively, g is spectroscopic tensor, A is tiygelfine structure component. The two last
terms represent of the second-order zero-fieldtsyi(ZFS), where D and E are the axial and
orthorhombic parameters and=S,+iS,. The Hamiltonian (1) leads to five EPR transifon
each split into six components by the hyperfineptiog to the>>Mn nuclear spin. For
D = E = 0 the five EPR transitions overlap, butytee shifted with respect to each other if
D and/or E have a finite value [8].

The effective g- factor and the broad line widtlpeledence on the magnetic field orienta-tion
in the range from 76.2 [mT] to 104.7 [mT]. The liw&dth presented in the literature for bulk
PbMnk is equal to 45.3 [mT] what is so much narrower doés not dependence on the
orientation. Moreover, we observe the ap-peararicth® second broad line with values
gy = 3.24 and g = 3.66 for samples with x = 0.08. This line haveltiv with strong
dependence on the angle and is invisible at ceataghes. Probably this additional broad line
can be attributed to the exchange interaction rayisi between orientated specifically
nanoparticles.

For the calculation we used the parameters readcttlir from EPR spectrum. The
experimental line was fitted using the Dysonianetyqurve, will be presented in the full
version of this work.

Exp. Data
Fitted Line

EPR signal [arb.u]

T T T T 1
100 200 300 600 100

30 400
Magnetic field _ [mT]

Fig. 5. Comparison experimental EPR spectra wigottétical Dysonian line for RMn,l, with x=0.03.

3,E+05

2,E+05

2,E+05

1,E+05 -

Integral intensity

5,E+04

0,E+00

120 170 220 270 320 370

Temperature [K]

Fig. 6. The temperature dependence ofithhiéor Phy_ ,Mn,l, with x=0.08 for the broad line (line — theoretical
fitting). Fitting yields the following values(x)=226,7 K and C(x)=5,610".
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Fig. 7. The temperature dependence ofythhiéor Phy_,Mn,l, with x=0.08 for the hyperfine spectra (line —
theoretical fitting). Fitting yields the followingalues:0(x)=116 K and C(x)=20".

We used the Curie-Weiss law to analyze the temperatiependences of the integral
intensity, which is directly proportional to the gmetic susceptibility. A linear in-crease of
v}(T) at higher temperatures can be fitted to théeWreiss law

(t-%0)-1(T)=(T-Hcw)/C 2

where C is the Curie constarficyw is the paramagnetic Curie temperature, apds

a temperature independent term to account for tlnabnetic host and any Pauli
paramagnetism contribution. It is necessary to tiwde the Curie-Weiss law analyses shows
the aberrances in the magnetic susceptibility teaipee dependence which can be
consequence of the above mentioned interactiomeaet magnetic nanoparticles.

Conclusions

In conclusion, we have studied EPR spectra for agstals layered RMnyl, DMSs. The
EPR spectra for the investigated samples consishadhtense broad line and several weak
narrow lines which correspond to hyperfine speotrisin®* ions.

The EPR spectra for nanocrystals with manganeseet@tion up to x=0.08 contain broad
line in the range from 76.2 mT to 104.7 mT.

The temperature dependence of EPR spectra fdf ibms was measured. The obtained
temperatut dependence of integral intensity for nanocrystalsn good agreement with
Curie-Weiss law.
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Abstract

In this work the electron paramagnetic resonandeR)Espectra of AD; powders were
measured for different size of grains (0.074, 0.6¥) as well as for the mulgrain (0-30pum)
and ZrQ powders (0.149, 0.044 mm). We have used multitaqu EPR spectroscopy at X-
band and Q-band, on spectrometr BRUKER E-580 \ertipierature equipment BRUKER ER
4131VT. The measurements were performed at roonpdeature and in the temperature
range from 120 K up to 380 K.

Analysis of the temperature dependence of the ERRwidth was performed based on the
Orbach model to determine the relaxation time T

Introduction

The ceramic nano-powders are widely used in diffeiadustry branches. The polymer
nanocomposites stiffened by ceramic nano-fillingythare characterized by very high
hardness and resistance for abrasion with compatisacomposites in micrometric scale
[1,2].

The problem of cracking of composite materials besn studied in detail in various works,
for example in [3] describes how to produce@Fe composites by casting of ceramic
masses of successive, developed for the improveofeinacture toughness. In [4] ceramics
based on alumina and mullite takes into accouniated reactions have been studied and
highlights the problem of cracking.

In work [5] authors presents the results of nuna¢rdalculations of temperature distribution
and thermal stresses induced in the various lagedszones of samples (ceramic coating-
interlayer- creep-resisting alloy ) annealing e temperature range from 200 to 1200 °C,
annealing isothermally and cooled in air, whichesults allowed us to deepen the analysis of
the destruction of ceramic coatings during cychiarmges of temperature.

The aim of this work is to investigate by EPR melththe role of cores and shapes of basic
Al,O3; materials used for industrial applications.

The motivation for this study comes from the needdlve the problem of fractures of shape.
In work [6] using shape criterion, the classifioats of inclusions in regular composites 21O
Al,O3 on convex and about variable the curvature bo#itige, as and negative were made.
The probable mechanisms responsible for appeafimgriusions with classified shape m.in.
connected with shape of particles of initiab®@4 powder, were showed. For the evaluations
of influence of inclusions shape on evolution chakr the thermal stresses called out the
maladjustment of thermal expansion coefficient bé tzirconium warp and corundum
inclusions the method of rank elements (MES) wsesiu

Mulgrain is prepared by calcinations of mixtureswdfite clays, kaolinites, and quartz sands
containing different mineral components such aslexiof titanium, manganese, and iron.
They, apart from giving color to mullite, can exart influence on its strength [7] owing to
the ability of transition metals to enter the caydattice of mullite [8]. The mechanism of
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metal incorporation and the effect of incorporateetal on the strength properties of mullite
were studied in some detail in [9, 10].

Experimental details

For the experiment, the samples of corundurOAland ZrQ with different size of grains

were used. The electron paramagnetic resonance) (Efdetra of mulgrain powders were
measured for different size of grains (0.074, 0.64%) as well as for the Mulgrain (from
Imerys Minerals Ltd) powders (0-30um). The detadetha for samples are given in Table 1.

The EPR spectra were investigated in a wide rarigemperatures from 120 K to 380 K
using an EPR X-band and Q-band spectrometer (Bnukgtifrequency and multiresonance
FT-EPR ELEXSYS E580). Measurements at low tempegat were carried out using a
helium cryostat with the Helium Temperature ConBystem ER4112HV).

Table 1. The specification of samples of Mulgrain.
contents AlO; | SIO; | TIO, |Fe0O3| CaO| MgO| N&O | K,0| P05
(%) 58.6 | 37.§ 2.21| 1.13] 0.0 0.07 0.07 0.00.1

Results and discussion
The EPR selected spectra obtained for th®©Aare shown in Fig. 1 and Fig. 2.

L} L} T L} L}
1.8 2 2.2 2.4 2.6 2.8
g -factor

Fig. 1.The EPR spectra of corundum@{ (0.074mm) a function of g-factor of X and Q-band
in room temperature.

= (0.074 mm

e 0.044 mm

Signal EPR

8000 9000 10000 11000 12000 13000 14000
magneticfield [Gs]

Fig. 2 The EPR spectra of corundum@y (0.074 and 0.044mm) in Q-band in room temperature.

The EPR selected spectra obtained for the muldoaidifferent size of grains are shown in
Figs 3 and 4.
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signal EPR amplitude

T
8000 9000 10000 11000 12000 13000 14000
magnetic field[G]

Fig. 3. EPR spectra of mulgrain (0-30pum) in roomgerature in Q-band.

signal EPR amplitude

8000 9000 10000 11000 12000 13000 14000
magnetic field[G]

Fig. 4. EPR spectra of mulgrain (0.074mm) in roemperature in Q-band.

The EPR spectra of ZgQor different size of grains are shown in Fig 5.

= Zr02_0.149 mm-
sample IV

= Zr02_0.149 mm-
sample Il

ZrO2_0.149 mm-
sample lll

EPRssignal [arb.u.]

|

w——Zr02_0.149 mm-
samplel

o] 160 ZKIJO 360 4(‘)0 5(‘)0 6;0 7(‘)0
magnetic field [mT]

Fig. 5. EPR spectra in X-band for Zr€amples from different part of materials commdhcavailable with the

same size of grains.

In the studied materials differences in ion contehtCr* and F&" were observed and
heterogeneity have been linked as a possible safrceacking if the core components
have not been good mixed [11, 12].

The estimation of the spin-lattice relaxation tifiecan be made using the conventional
method of line broadening, using the expression:

T, = 28x10°/gAB (1)

In the temperature range 120 — 380 K the relaxatiioe T1 is governed by the Orbach
process:
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T = A{exp[k:Tj -1 ) (2)

whered represents the energy splitting between the gr@amdmagnetic centers state and the
first excited state, whereas A is a constant cheratic of the Orbach process (if)s

9.0E+11 4
8.0E+11 A
7.0E+11 1
6.0E+11 4
5.0E+11 4
4.0E+11 A
3.0E+11 +
2.0E+11 1
1.0E+11

0.0E+0 : . T . T T :
0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009
T [K1]
Fig. 6. Temperature dependence of the spin-latéitzation time T, of the mulgrain (0.074 mm). The solid
curve is an exponential fit to the obtained dataheyequation 2.
Obtained value is: A[§= 2710 §[ cm’]= 27.5-10%,

[s]

T1'1

Conclusions

Identification of the paramagnetic centers presetihe examined materials having position and
shape of the EPR lines have been performed.

The EPR spectra for these samples have differ quitsiderably in shape, the intensity of
individual components of the line, the width and tasolution and the signal-to-noise ratio, even
though they are made using the same spectromeferiicfhe same conditions. These results
correlate with the content of impurities in the plans from different manufacturers. Analyzing
changes in line widths with Orbach model for matsrivhich are composed of different dopants
can be detected of character line width changesiétiee overlapping EPR lines.

The analysis of the temperature dependence foER# line width in mulgrain was performed
with of Orbach process. Parameters obtained framntbdel of Orbach are presented in this
work.
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In this work the electron magnetic resonance (EMpYctra of AIO; powders were
measured for different size of grains (0.074, 0.6¥) as well as for the mullites (0.07 and
0.12 mm). We have used multifrequency EPR speapmsat X-band, combined with
Superposition Model (SPM) calculations to reveakécwbnic structure and establish
correlations between structure, and surroundingth@$e complexes. The main purpose of
this work was to investigate the possible relatgos between EPR spectra and the size of
powder grains as well as the identification of E&ffectra in view of potential application of
EPR technique as a fingerprinting method. [1,2] Wuagivation for this study comes from the
need to solve the problem of fractures of shapecanaimic cores.

Mullite is the only stable intermediate phase ie @lumina—silica system at atmospheric
pressure. The chemical formula for mullite is deivety simple: 3Ab0;.2Si0,. However, the
phase stability, crystallography, and stoichiometithis material remain controversial. The
structure variants are derived from the averagetire considering crystal-chemical rules for
bond lengths, atomic distances and coordinationbaur(Fig.1) [3].

Considering these rules and different Oc and Ocupations, 34 structure variants result
from the decomposition of the mullite average gstrtee Each four variants exhibit an oxygen
vacancy on the same cell edge and different OcCatdoccupations on the remaining three
edges. Structure variants 17 to 32 are vacancynaewith a variation on the Oc/Oc* sites.
Variants 33 and 34 represent the silica free;@Almodification [3].

o0

o Al(Oct)

o Si/Al (Tetr.)
o Al

O O-vacancy

Fig. 1 Structure of mullite. (a) Average structarel (b) atomic displacements around an oxygen egd&h
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Electron paramagnetic resonance studies carriecopuRager et al. [4] and our previous
works [1,2] provided further information on theuwsttural distribution of chromium in mullite.
Chromium-doped mullites exhibit two rather sharpREBignals near = 5, and a broad
signal near g = 2.2. The peaks neagsg 5 were assigned to €rin slightly distorted
octahedral M(1) positions in mullite, whereas theadl slightly asymmetric signal neasg
2.2 may indicate coupling between localized magnatbments. Rager et al. [4] explained the
signal at gs = 2.2 in terms of interstitial €fincorporation in mullite. According to the EPR
peak in-tensities the entry of Ciinto the regular M(1)O6 octahedra is favourecoat bulk-
Cr,0O3 contents of mullite, whereas interstitial incorgoon with formation of chromium
clusters becomes more important at higheOgcontents [3,4].

Using SPM and crystallographic data, the zero-feglitting (ZFS) parameters b2n and b4m
are calculated for Gf and Fé* ions at the AlO; and CpOs-site (with local tetrahedral and
octahedral sites)[5-8]. Our SPM analysis of ZFSapwaaters indicates that satisfactory
agreement can be achieved between the theoretidalh@ experimental results. Additional
structural information about &rand F&" impurity centers is also obtained.

For Cr* ions, which replace Al in Al,Os, the parameters A, B, and Rere obtained from
the data in [9], whereas the crystallographic deden [4]. For illustration, we adopt the
following values: B= 0. 195 nm, n = 10, m = 13, A = -10. 6 t¢nand B = -8.2 cii. Using
the ZFS parameters and the pertinent conversiatiort provided in [10,11] the program
SPM-MC [12,13] computes the feasible positionsh&f bxygen ligands in a given unit cell
volume that yield the SPM-predicted ZFSPs consistgth the experimental ZFSPs. The
numerical calculations and analysis were carrietl fouthe complex Cr(A)®@ in Al;Os.
These values were used to construct the Cr(@&b&ahedron in As.

[0

T03 g3 0201 0 -0 -02-03

Fig. 2. The selected Cr(AlJleft)and Fe(Al)Q (right) octahedra for the obtained data

Preliminary results for the impurity €rand F&" ions in mullite and AlO; are presented.
SPM analysis confirms the most probable model sfodiions around Gf and Fé+ ions
occupying the Al positions.
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[. Introduction

Due to its unique optical, mechanical and thernraberties, yttrium-aluminium garnet
(YAG, chemical formula — ¥AlsO;5) and solid solutions based on YAG are widely used
the laser and acousto-optic technology [1,2]. Th&GYsingle crystals were intensively
investigated for last several decades by differeathods, including optical spectroscopy as
well as acoustic and heat pulse techniques [1-Be YAG crystals were investigated by
nuclear magnetic resonance (NMR) technique al<gj.[4-

The crystal structure of 2Al501, garnet can be represented as a set of oxygeneolkctats
and tetrahedrons containing the Al atoms. Previmlisi-state’’Al NMR investigations of the
YAG confirm that in the ¥AlsO,, crystals there are two different Al sites (octalédnd
tetrahedral), whose difference in tHAl chemical-shift values, enables the separatiothef
two contribution which differ in the quadrupolar upding constantCq = e’qQ/h [4-9].
According to NMR spectroscopy data the*’Alons in the ¥AlsO:. crystal lattice occupy
oxygen-coordinated octahedral and tetrahedral sitd®e ratio: three tetrahedral sitééAl )
to two octahedral siteN(Al) : N(Aly) = 3 : 2).

An Y3Als0;, crystal allows various isomorphic substitutionsd goroperties of these
crystals substantially depend on the chemical caitipa and structural order (or disorder) in
the distribution of admixture atoms over the sitdésthe crystal lattice. In particular, the
optical and luminescence properties of the Cr-dopedlsO;, crystal (Y3Als012:Cr or
YAG:Cr) can be essentially modified by substituabroccupation of the octahedral and
tetrahedral sites by Cr ions in different valenizges, generally Gt and C#* [10-13].

This work reports a*’Al magic angle spinning (MAS) NMR investigations tfie
nominally-pure YAG and YAG:Cr crystals.

II. Experimental

The nominally-pure un-doped and Cr-dopegANO1.:Cr single crystals of high optical
quality and chemical purity were grown by stand@uzbchralski method along the [111]
crystallographic direction in the {N- 3% Q) atmosphere with growth rate of 2 mm per hour
[12]. The Cr impurity was added to the melt composiof as C§O3 oxide in amounts 1 — 5
at. %.

The ’Al MAS NMR spectra were registered at frequency.26852 MHz and induction
of magnetic field B = 9.4T using a Bruker Avanceé3AIMR spectrometer. A 4 mm diameter
rotor was filled with a powdered (polycrystallineample and spinning under magic angle
with the frequency 14 kHz. THeAl nucleus (natural abundance — 100 %) has bpin/2
and for the selective excitation of the centrahsron (+1/2 ~ -1/2), the optimal pulse
duration will be equal to the duration of a noneséive 772 pulse divided byl(+ 1/2) = 3
[14]. A free induction decay signals were recordédr application of a single radiofrequency
pulse. A total of 100 acquisitions were sufficidnt resolve the characteristic Al spectral
features for the polycrystalline samples.
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It should be noted that large differences in thadjupolar coupling constants between
tetragonal AlQ groups Cq = e’qQ/h typically about 6 MHz) and octahedral Al@roups
(typically Co < 0.6 MHz) lead to large differences in the lindthi and lineshape of the MAS
NMR signals [6,15]. Due to large second-order qupdlar broadening, tHéAl too a greater
extent, the NMR line-shapes are very broad andimempecial acquisition conditions to
obtain understandable spectra. When the quadrupolapling constanCq > 10 MHz it
become impossible to acquire the whole spectruomed in the acquisition linewidth [15].

I1l. Results and discussion

The 2’Al MAS NMR spectra of crystalline YAG powder obtaih for different radio-
frequency pulse length are presented in Fig. 1.céfesee that lineshape of different MAS
NMR signals depends on the pulse duration. Fromaaatysis of the observed spectra it was
concluded that only fromi’Al MAS NMR spectrum obtained with pulse duratior? Qis it
follows the relation 2 : 3 for the population oftalgcedrally,N(Aly,) and tetrahedrallyN(Al )
coordinated Al sites. ThH€Al MAS NMR spectra of yttrium-aluminium garnet withtouch
of CP* ions were obtained by single-pulse experimentk pitise duration of 0.fs.

- @
——M (c)
Y j\ ®)
—‘_J\_,./\ (a)
100 80 6 40 20 0  -20  -40

ppm
Fig. 1. The’’Al MAS NMR spectra of the YAG polycrystalline powd@btained for different pulse duration.
(@) = 0.3us; (b) — 0.7us; (c) — 1us; (d) — 2us; (e) — Jus.

In Fig.2 are presented tHféAl MAS NMR spectra obtained for powdered crystalin
samples YAlsO1, and YsAlsO12:Cr. All observed thé’Al MAS NMR spectra contain two
peaks corresponding to the tetragonal (Al&nd octahedral (Al§) structural atomic groups.
The lineshape of’Al MAS NMR signal is determined by the second-ordeadrupolar shift
only, because the dipolar interactions between etigrmoments of thé’Al nuclei are
completely averaged as a consequence of sampternofh5].

The yttrium-aluminium garnet (AlsO1,) crystal has a body-centred cubic structure [16].
There are two structurally non-equivalent positiohgluminium atoms in the YAG crystals:
the Al occupies 16 octahedral positions and 24betral positions and this is in a good
agreement with our NMR dataN{Al,) : N(Aly) 02 : 3 (Fig. 2, spectrura). In the YAG
crystal the point symmetry of tetrahedral (A)Gtructural groups are;$16]. The presence of
an electric quadrupole moment means that*fA¢ nucleus will interact strongly with the
local electric field surrounding of the nucleus.isTimteraction has a significant effect on the
observed NMR spectrum. The strength of local aledigld gradient (EFG) is described by a
second rank tensor with principal axis elemenis(iV= X, y, z) [15]. The symmetry of the
EFG manifests predictable and large effects irspeetral line shape of tA8Al species in the
solid state and is quantified by the asymmetry pater,7 (/7 = (Vi — Vyy)/Vz7)). In the case
of radial and axial symmetry of the EFG tensor atbthe quadrupolar nucleus V= Vyy)
and 7 = 0 [15].The*’Al MAS NMR spectra, which are presented in Fig.réyeal the
characteristic two-peak MAS quadrupolar powdergratfor a tetrahedral aluminium site in
the Y3Als01, crystal with a radially-symmetric EFG tensor [15his single site is adequately
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fit with 77 equals to 0, a quadrupolar coupling paramélgr,set to 6 MHz. The value of a
guadrupolar coupling parameter gives the importaiarmation about different types of the
aluminium coordination in a crystal lattice. Theufecoordinated aluminium possesses a
quadrupolar coupling consta@g equals about 6 MHz.

In the YAG lattice the point symmetry of octahedfdD¢ groups is G [16] and so the
environment of Al atom has a very symmetric bugtdly distorted octahedron [14,16]. Due
to the axial symmetry of the slightly distorted alwedral aluminium position in the YAG
lattice the EFG tensor is characterized by only (¢ component and &< 1 MHz. So, the
asymmetry parametey = 0 for AlOs groups in the garnet lattice. This result is conéd
experimentally (Fig. 2). A symmetric peak at abdytpm in the’’/Al MAS NMR spectrum is
attributed to the Al@groups and an asymmetric broad peak is assigndwetalO, groups.
The different frequency positions of the MAS NMRgrsals of the aluminium-oxygen
bonding groups are connected with differéfl isotropic chemical shifts of the AlDand
AlOg groups [6].

AlO,
4
AlO,
AlO,
(@)
I Y T ! T T T ¥ T L T T T ! T
100 80 60 40 20 0 -20 -40
ppPmM

Fig. 2. The’Al MAS NMR spectra of the YAG (a) and YAG:Cr (b) Igorystalline powders.
(@) N(Aly)) : N(Aly) 02 : 300.67; (b)N(Aly,) / N(Al) 04.6 : 5.4000.85.

From Fig. 2 (spectrurb) we can see that in the yttrium-aluminimum gamih a touch
of Cr** ions, there is a distortion (broadening) of i MAS NMR lineshape for both Al®
and AIQ; groups. These deformations of NMR lineshapes ®f #l nuclei can be connected
with the change of local electric field gradientthe sites of Al nuclei and as result of
interaction of the Gf paramagnetic ions with magnetic moment oft##¢ nuclei.

The simulation of the experimentdlAl MAS NMR spectrum of the YAlsO:2:Cr (Fig. 2b)
gives the fractions of the Aand AlQ, groups:N(Alv;) / N(Al) 00.85. So the doping by
Cr of the Y3Als0,, crystals leads to variation of the occupation bya#ms both octahedrally
and tetrahedrally coordinated sites of the gaiatéte.

IV. Conclusions

The Al MAS NMR spectroscopy of the un-doped YAG crystallearly shows the
relation 2 : 3 for occupation of the octahedralhd detrahedraly coordinated Al sites. This
result coincides with corresponding structural meriee data for YAG crystals. TREAI MAS
NMR spectroscopy also shows that the doping of Yokgtals by Cr leads to variation of the
occupation by Al atoms both octahedral and tetredlechtionic sites of the garnet lattice.
Finally, it should be noted that the MAS NMR spestiopy is a very sensitive and powerful
method for investigation the local structure of msiructural units in ordered and disordered
solids and redistribution of atoms between diffesstes caused by doping impurities.
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Poster-13
REZONATORY MIKROFALOWE DO SPEKTROMETRII EPR

Mirostaw Derengowski Tomasz Stankowski

CAVIPAN Sp. z o.al. Sw. Michata 24, 61-023 Pozha
e-mail:derengowski@cavipan.pl, stankowski@cavipan.pl

CAVIPAN jest spotls z 0.0. powstat w 1989 r. z udzialem nieistnigiego ju
przedsgbiorstwva RADIOPAN. Zachowany zostat potencjat firmy zakresie produkciji,
regeneracji i projektowania specjalizowanych retromtav mikrofalowych oraz blokéw
mikrofalowych i miernikdw czstotliwosci do spektrometréw EPR. Gama wyrobéw obejmuje
zardbwno rezonatory prostgtkke z rodzajem pola Tk, TEios jak tez cylindryczne
z rodzajami pola Thho, TEoii, TEoin. Typowa cestotliwos¢ pracy obejmuje pasmo X
(fo=9,45 GHz). W przygotowaniu jest rezonator na pasgnoRezonatory mag zasapic¢
produkty wiodicych producentow aparatury EPR, a w szczeg6lrs w petni kompatybilne
ze spektrometrami firmy RADIOPAN i ich zmodyfikowani wersjami oferowanymi przez
Instytut Telekomunikacji, Teleinformatyki i AkustiyRolitechniki Wroctawskie;.

Parametry przyktadowego prosstkego rezonatora mikrofalowego XR-102D do spekttame
EPR to:

Rodzaj pola mikrofalowego &

Czstotliwos¢ wiasna rezonatora nieohgzonego: 6= 9,44 GHz

Materiat korpusu wgki roboczej: mosidz atestowany pokrywany ztotem

Srednica otworu roboczego: 11 mm (#iwe wykonanie do 12 mm)

Szeroké&c rezonatora (wymiar railzy nabiegunnikami elektromagnesu): <34 mm

Dobra wtasna nieobaizona: @>5000

Regulacja sprzenia z torem mikrofalowym — ptynna, od silnie pogtikcznego

do nadkrytycznego, realizowana za pomteflonowego stroika z nasaglk

Akceptowana egtotliwos¢ modulacji pola magnetycznego: < 200 kHz

Dopuszczalna diugotrwata amplituda modulacjapol  Bmax/100kHz< 3MTpp

0. System modulacji:  obustronnie umieszczone degsvki modulacyjne aczone
najczsciej szeregowo i pracage w uktadzie rezonansowym.

11. Zastosowanie: uniwersalny rezonatarexniej dobroci wkasnej przeznaczony do ldada

probek z niewielkimi i$rednimi stratami dielektrycznymi z otworem ztowym

umazliwiajacym nawietlanie probki umieszczonej w centrumakin

NoakwnNE

B © ©

é
3
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3 e i S
2 g
e : B
- ./. -
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gy =
““e Ce“/ =
- 2 . XR-102D

W sesji posterowej zaprezentowarddrdézne rozwizania oferowane przez fieclCAVIPAN.
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Poster-14
MODEL OBWODOWY UKELADU: BADANA PROBKA - REZONATOR
POMIAROWY DO WYKORZYSTANIAW METODZIE SZYBKIEGO
PRZEJSCIA BADANIA WIDM EPR

Igor Tazbir, Andrzej Francik
Wydziat Elektroniki Politechniki Wroctawskiej

e-mail: igor.tazbir@pwr.wroc.pl

W pracy przedstawiono wyniki analizy, w postaci rehaerystyk czasowych,
odpowiedzi obwodu elektrycznego modetiggo rzeczywisty ukilad: badana probka
rezonator pomiarowy. Metadsymulacji komputerowej przeprowadzono ang|ekosciowa,
w celu pokazania analogicznego zachowania adiwodu elektrycznego i rzeczywistego
uktadu w procesie ,szybkiego przej”.

W niektérych dziedzinach zwzanych z anali zjawisk fizycznych, np. procesow
cieplnych [1], stosuje si modelowanie obwodowe. W rezultacie sprowadza tei do
rozwiazania rOwna, najczsciej rézniczkowych, ale takie podaie jest uzasadnione, gdy
pozwala na pewnwizualizacg elementami R, L, C iaywanie narzdzi — metod analizy
obwodow elektrycznych znanych z teorii obwodow. &tza to meliwosci zaangaowania
si¢ jednostek zajmagych sg¢ ,klasyczry teora obwoddw” w dziedziny znacznie od niej
odbiegajce, np. EPRROwnania raniczkowe (réwnie te o zmiennych wspétczynnikach)
opisupce takie obwody magby¢ skutecznie rozvazywane metodami numerycznymi.

W niniejszej pracy zastosowano znany z literat@yd] obwodowy model RLC, o
parametrach skupionych, rezonatora mikrofalowegéwrtinie opisujce taki obwod bez
uwzgkdnienia sprgzenia z torem mikrofalowym nioa zapisé@w postaci

KO = RIY() + LY+ [yt &)

przy zalaeniu zerowych warunkéw pogtkowych (¥"(0)=0), gdzie x(t) jest pobudzeniem
uktadu, a wc fala elektromagnetyczn doprowadzoa falowodem 2z generatora
mikrofalowego do rezonatora, a y(t) odpowiedukiadu — np. sygnatlem gmowym (w
zaleenosci od wytej aparatury pomiarowej). Rownanie (1) poprawest jdla uktadow
stacjonarnych, czyli takich, ktérych parametry mimieniap sie w czasie. Rownanie (1)
maozna wykorzysté do opisu uktadu: rezonator — probka po gaishiu indukcyjnéci L w
rownaniu (1) indukcyjnécia L(B) — zalena od indukcji (wolnozmiennego) pola
magnetycznego, a w konsekwencji indukcypia L(t), gdyz indukcja B jest liniow funkcja
czasu. Wowczas rownanie (1) przyjmie posta

KO = RO + LOTO+ [ ot (2)

Poniewa jednak indukcyjn& cewki zaley nieliniowo od indukcjiB w rezultacie otrzyma
sie rownanie raniczkowe drugiego kglu:

X() =Ry ) +L'@O) Ly (1) + LEO Ly (1) + y(t) 3)
opisupce nieliniowy i niestacjonarny obwaod elektrycznyktérym

L(t) = Lo W+7 0y’ () - J Uy Oy (1)) (4)
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gdzie:

Lo— indukcyjnd¢ cewki rownowanej rezonatorowi mikrofalowemu zawiegeym badan
problke, okreslona w warunkach znacznego odstrojenia od rezonaR§ty

n—  wspoétczynnik wypetnienia rezonatora przez pehbk

X — dyspersja (o&¢ rzeczywista podatsoi magnetycznej probki),

X’ — absorpcja (czs¢ urojona podatniei magnetycznej probki).

Dyspersja i absorpcja zateod indukcjiB statego (wolnozmiennego) pola magnetycznego w
nastpujacy sposoéb:

. yT>(Bo - B)
X (B) - )(06()0T2 2
2 1+T2y2( B~ B) (5a)
1
X'(B) == XopT2
2 1+T22y2(BO_ B)2 (Sb)

Xo—  statyczna podatéé magnetyczna probki,

ap— pulsacja rezonansowa gl zwierapcej probk, okrelona przy odstrojeniu od EPR,
T,— stala czasu relaksacji spin — spin (parametskpyo

y—  stosunekyromagnetyczny (zwykle 2,8 MHz/Gs),

Bo— wartaé¢ rezonansowa indukcji statego (wolnozmiennego) pod@netycznego.

Jak wczéniej wspomniano indukcjaB jest liniona funkcja czasu t, wigc

w rownaniach (3a) i (3b) podstawiofFat + b, dla uproszczenia zatono: a=1, b=0, oraz
przyjeto state:

S=%D{0@.{)U2
S =y,

i wtedy (5a) i (5b) przyty post&

L SIS (B, -t)
1+ [{B, - t) (6a)

X' =

S
2
1+ SZZ EQBO _t) (6b)
Indukcyjndi¢ zastpcz rezonatora zawiergego probk opisuje, dla sktadowej absorpcyjnej
X’ podatnaici, wyrazenie

L(t) = L, fL+7 0" (1)) (7)

Natomiast pochodna réwnania (7) po czasie jest adwn

: d 2B, -t
L=, =L, p RSB R ®)
dt 1+S2 0t - B,) ]
Po podstawieniu pochodnej indukcyjooL(t), opisanej wyraeniem (8) do rownania
(3) otrzymuje si ,gotowe” rownanie dla skladowej absorpcyjnej indykosci L(t).
Réwnanie to rozwizano metog numerycza w programie Matlab wykorzystag procedug

151



Sesja Posterowa Il FORUM EMR-PL- 23-25.VI.2014

ode23 i otrzymano odpowiedy(t) — pad ptymcy w obwodzie modelggym rezonator
mikrofalowy pod wplywem sinusoidalnego pobudzex(ia — napécia przytazonego do tego
obwodu.

Na rysunku 1. przedstawiono odpowiemtaz modut obwiedni odpowiedzi obwodu na
pobudzenie sinusoidalne w funkcji czasu.
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Rys.1. Odpowied obwodu modelujcego i modut obwiedni tej odpowiedzi.

Mozna zauway¢, ze krzywa modutu obwiedni przedstawiona na rys.riymomina
krzywa absorpcji EPR rejestrowanprzy szybkim przégiu [4]. Moze to sugerowa
poprawnd¢ zastosowanego modelu obwodowego RLC, ktérgmadatwo rozbudowatak,
by uwzgkdniat bardziej ztaone widma w tym take oddziatywania nadsubtelne.
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Poster-15
IDENTYFIKACJA KOMPLEKSOW ADSORPCYJNYCH W PROCESIE
KATALITYCZNEJ REDUKCJI NO y WEGLOWODORAMI NA
METALOZEOLITACH NIKLOWYCH — BADANIA EPR | HYSCORE

T. Mazur?, K. Podolska-Serafirt, P. Pietrzyk', M. Chiesd, Z. Sojka*

! Wydziat Chemii, Uniwersytet Jagiefiski, ul. R. Ingardena 3, 30-060 Krakow, Polska.
2 Dipartimento di Chimica, Universita degli studitrino, Via P. Giuria. 7, 10125 Torino, ltaly.
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W trakcie procesu selektywnej Kkatalitycznej redukdjenkédw azotu, NQ
weglowodorami  (HC-SCR deNO,) na katalizatorach niklowo-zeolitowych powstaj
paramagnetyczne produkty pra@pwe. Ich struktura jest zagana z przeptywami tadunku i
spinu elektronowego w offsie jednostki centrum metaliczne - ligand. Aktywéo
analogicznych uktadow zeolitowych zajeod natury centrow aktywnych (rodzaju metalu,
stopnia utlenienia, liczby koordynacyjnej) odpowaidnych za aktywagj reagentow SCR
(NOy, O, CO, GH4, GCH,). Badania nad struktairmagnetycza i elektronove takich
adduktow dostarczajwielu informacji na temat mechanizmu HC-SCR. Zegkdu na
paramagnetyczny charakter badanych adduktow kom@iek opis mechanizmu reakcji
mozliwy jest dzkki potaczeniu magnetycznych technik spektroskopowych (CWREi
impulsowy EPR), technik pomocniczych takich jak IR obliczeniami DFT struktur i
parametrow spektroskopowych.

Badane katalizatory to zeolity BEA i ZSM-5, w ktéhy pozycje wymienny zajma
kationy niklowe (Nf") wprowadzone na drodze wymiany jonowej. Uklad tewstat
sprawdzony w skali laboratoryjnej pod wadgm efektywnéci SCR z prostymi
weglowodorami (GH4, CG:H») jako czynnikami redukagymi.

Oddziatywanie cgsteczek gazowych z jonami niklu t® zachodZi na sposoéb
nieredoksowy lub redoksowy, ze zmianami obsadetektronéw na powiokachl jonu
metalu. Zrozumienie zachogtzich zjawisk towarzysgych temu oddziatywaniu wymaga
wgladu nie tylko w centrum metaliczne, ale rownie jego najblisze otoczenie
koordynacyjne. Ze wzgtlu na maliwos¢ pomiarow bardzo stabych oddziahfva
magnetycznych (kdu kilku do kilkudziesiciu MHz) o naturze dipolowej, techniki
impulsowej spektroskopii EPR pozwalaja osagniccie tak sprecyzowanego celu. Najszersze
zastosowanie znajduje tutaj metoda HYSCORE (HYperfiSublevel CORrElation
Spectroscopy), baziga na zjawisku echa spinowego, obrazajkorelacje spinowe w postaci
dwuwymiarowych map.

Dotychczas prowadzone badania obejmowaty pomiafpRT, CW-EPR oraz testy
katalityczne z wykorzystaniem znakowanych izotopoveagentéw ¢CO, Y'0,, *NO).
Pozwolito to na identyfikagj i ustalenie sposobu wdania dla szeregu kompleksow
nitrozylowych (NF*NO), karbonylowych (Ni(CO),-1.4 oraz ponadtlenkowych (RiOy).
Wykorzystano réwnie obecnéé¢ naturalnych izotopow?(Al (I = 5/2),**N(l = 1)) do pomiaru
oddziatywania kwadrupolowego. Z uwagi na stapm&omplikowania rejestrowanych jedno- i
dwuwymiarowych widm EPR do ich interpretacji zaswano metod symulacji
komputerowej przy iyciu programu EPRsim32 [2] oraz EasySpin [3]. Wkigstynace z
powyzszych eksperymentoéw pozwolity zaproponéwamowy mechanizm reakcji redukcji
tlenku azotu (Il) wglowodorami. W trakcie HC-SCR gzteczki NO § najpierw
chemoselektywnie wrane przez centra metaliczne, gdzie ukegagiwracalnej redukcji
tworzac kompleksy nitrozylowe. Naginy krok obejmuje reakej nowo utworzonych
adduktow z casteczkami wglowodorow, skutkujca powstaniem ugrupowiatypu Ni-CN.
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Rys. 1. () Widma CW-EPR (77 K) temperaturowo-pangowanej reakcji adduktéw nitrozylowych niklu(11) w

ZSM-5 z GH,. (b) Widmo HYSCORE (5 K) dla powstaiego adduktu cyjankowego (zarejestrowane dla pola
B =339.3 mT).

Na Rys. 1 pokazano widma CW-EPR i HYSCORE dla wypch etapow reakcji
pomigdzy adduktem etylenu z Ni(l) a gsteczkami NO prowadeze] do powstania
ugrupowa cyjankowych. Centrum niklowe zeolitu Ni-ZSM5 zdstadwniez zbadane pod
katem aktywacji wiazania potrojnego w @steczce acetylenu (Rys. 2). Wybrane parametry
hamiltonianu spinowego zestawiono w Tabeli 1. Pasane jako wzy eksperymentalne dla
relatywistycznych oblicze DFT ZORA-SOMF i metogl Pauliego [4] parametrow
spektroskopowych, co pozwoli na przypisanie diagmmzaych sygnatur konkretnym
strukturom..

N
] B, =295.0 mT 9 B,=316.7 mT j\
NI_CZHZ B1 B2 L L L L r.n ..

CW-EPR 1 § i

ESE 15 1 \\ é E %"
240 260 280 300 320 340 > . “Al L

B/mT . o ;%‘.
0.0

ok
T

I MHz
.
.

20 15 -10 5 0 5 10 15 20
v, I MHz

Rys. 2. Widma CW-EPR (77 K) oraz ESE (10 K) dlawdd Ni(l)-C,H, wraz z widmami HYSCORE i
symulacjami dla tensora oddzialywania nadsubteligdd). Symulacje zaznaczono na czerwono. Sfery
jednostkowe przy widmach HYSCORE ilustyigelektywne orientacje wzbudzane rezonansowo diaamych
wartasci pdl magnetycznych BB, i Ba.
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Tabela 1.

Eksperymentalne waroi parametréw tensorowg i A dla wybranych produktéw przZgjowych
reakcji HC-SCR w procesi@eNO,

Ni(1)-CO Ni()-C ,H,  Ni(I)NO-C,Hs  Ni(I)-O 5~ Ni(Il)-NO
O 2,018 2,37 2,094 2,064 2,158
Oy 2,380 2,19 2,057 2,088 2,205
Ors 2,436 2,06 2,013 2,167 2,359
Al / MHzZ 1,0 2,3 2,5 1,0 6,0
Al / MHz 3,6 3,4 3,5 5,7 9,0
IA,,| / MHz 1,6 4,6 2,0 1,3 14,0

W pracy po raz pierwszy zarejestrowano widmo adilukicyjankowych niklu(l)
bedacych etapem pwednim procesu SCR w reakcji tworzeniaamania N-N. Obecnig tych
adduktéw do tej pory dokumentowano za pomowetody FTIR w trybieoperando Jednak
prezentowane tu pomiary dapo raz pierwszy wgt w lokalizacg grup CN zwizanych z
metalicznym.
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TiO, is an attractive material to use medically duth®ophotoactivity it exhibits under
illumination in the near ultraviolet (UV) range[1litilised in the body the photoactivity of
TiO, could allow the development of unique applicatiassTiQ is highly biocompatible in
the dark[2], however upon illumination in bodilyssue it releases highly reactive oxygen
species (ROS) which are cytotoxic and can inducgi@gis in neighbouring cells[3]. There is
a lot of interest in using nanoparticles which aotivated by external stimuli as without a
stimulus they are harmless and do not cause angreagh\side effects. Photocatalysis by
titanium dioxide (TiQ) could be an alternative or a complement to cotioeal water
disinfection technologies such chlorination. Whecatalytic semiconductor powder, such as
TiO,, is suspended in water and irradiated with neardigtit below 2 < 385 nm, free
hydroxyl HOe radicals are generated. Additional @@ams have been raised about the
generation of ROS, especially hydroxyl radicals ¢HOvhen HO, is exposed to UV
irradiation. While HO; is an effective agent for bleaching, its mechani$raction is still not
clearly understood. It is well known that high centrations (about 30%) of.B, or low
concentrations (about 3.0%) ob®b/ TiO, have been used as clinical bleaching agents. The
bleaching effect may involve modification of theamastructural integrity of the enamel in
deeper regions when a high concentration gdHs applied [6]. The mechanism of tooth
bleaching is thought to result from the formatidrR®S, especially hydroxyl radicals (HOs)
generated from $D, in bleaching agents[7-10]. However, the generatibROe« from HO,
has been shown to be a risk factor during bleactigegments. Titanium dioxide (T#Dis a
non-toxic and inexpensive photocatalyst that can used semipermanently as an
environmental purification material[11,12]

We obtained the ESR spectra under blue light aeérgtight irradiation of control,
TiO,, TiO, (S -doped) and FAp-Ti§ Hap-TiQ, samples. The spectra of samples Hap, FAp
are presented in Fig. 1. After irradiation of Fiend FAp-TiQ, we obtained a characteristic
DMPO-OH spin adduct. The spin adduct indicated H@t was generated through excitation
of TiO, under blue light irradiation. In the Figure 1 wiserve spin adduct of superoxide
generated from samples HAp during green lightdiation. EPR spectra of all samples
nanopowders were investigated at room temperatsieg uhe EPR spectrometer (Bruker
multifrequency and multiresonance FT-EPR ELEXSYS®5 All samples were researched
in the dark and under blue light radiation (460ranyl green light radiation (525nm) LEDs
with illumination 0.01 W/cr
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Fig. 1. EPR Spectra under blue (b) light and g(ggtight irradiation from control (Hf), FAp-TiO,, and HAp-
TiO, plus DMSO samples.

In conclusion, our study using EPR spectroscopy smid trapping has shown that HOe
generation through excitation of FAp-Ti@ greater than that of HAp-T¥OThe antifungal
effects resulting from the ability of acrylic restontaining FAp-TiQ to generate ROSia
photocatalysis may be harnessed to develop a \aittgerof acrylic resins to facilitate denture
cleaning.
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Nadtlenek wodoru wykorzystywany jest w syntezie roleznej jako czynnik
utleniapcy. Tworzenie reaktywnych form tlenu w trakcie radu HO,, takich jak
anionorodniki ponadtlenkowe i rodniki wodorotlengwisedace wia&ciwymi reagentami
utleniapcymi, zostatlo szczegétowo poznane dla uktadéw redekch typu Fentona [1], a
takze dla nieorganicznych uktadow dedujacych aktywne¢ peroksydazy [2], syntazy [3] i
katalazy [4]. Innym przyktadem uktadéw aktywnych fetokatalitycznym tworzeniu
reaktywnych form tlenu z udziatem ditlenu i wody szerokopasmowe potprzewodniki, np.
nanokrystaliczny Ti@ [5]. W ostatnich badaniach pokazan® reaktywne formy tlenu
powstaj réwniez w wyniku rozktad HO, na powierzchniach amorficznych tlenkéw metali
przejiciowych d®, takich jak NBOs, Ta0s, ZrO,, TiO- [5]. Dodatkowo w przypadku NBs i
TaOs wykazano,ze uktady takie $ aktywne w reakcji utleniania glicerolu, a aktywada
ustaje przy zagpieniu amorficznych form tlenkéw ich odpowiednikaknystalicznymi [6].

Celem pracy jest identyfikacja powsiaych w trakcie rozktadu ¥, na amorficznych
tlenkach niobu(V), tantalu(V) oraz cyrkonu(lV) résaknych form tlenu. Proces ten badano
przy r&nych wartéciach pH mieszaniny tlenku i wodnego roztworpyObl Zbadano take
wptyw stopnia krystalizacji tlenku na proces rozidad+0,. Ze wzgkdu na paramagnetyczny
charakter reaktywnych form tlenu {Q OH) gtéwnym narzdziem badawczym byta
spektroskopia EPR. Standardowa reakcja prowadzgiaazl30% wodnym roztworem J@,.
Tlenek metalu po reakcji suszono w temperaturzejoglej, probk przenoszono do amputki
kwarcowej, ktog przed pomiarami odgazowywano (iOmbar). Zmiany pH zawiesiny
kontrolowano poprzez wprowadzenie do roztworowsphllub HCI. Widma rejestrowano na
spektrometrze Bruker Elexsys 580 (pasmo X, 9.7 GHeylatkowo przeprowadzano proby z
putapks spinona DMPO, co pozwalalo na wykrywanie nietrwatych Kkiyeznie
paramagnetycznych produktéw reakcji rozpaduOH Punkt izoelektryczny badanych
amorficznych tlenkdw wyznaczano za pom@ezyrzdu Zetasizer Nano ZS firmy Malvern.
Badanie krystaliczriwi prowadzono za pomec pomiarbw XRD na dyfraktometrze
proszkowym Rigaku MiniFlex oraz za pomaspektrometru ramanowskiego Renishaw InVia
sprzzonego z mikroskopem konfokalnym Leica. Technikaaaawska pozwolita tale na
wykrycie diamagnetycznych reaktywnych form tlenkith jak grupy G*~.

Wstepne pomiary badanych tlenkow potwierdzity ich arnuarfa postd (brak
reflekséw dyfrakcyjnych oraz diagnostycznych pasemanowskich). Badane tlenki
charakteryzyj sie nastpujacymi wartgciami pH punktu izoelektrycznego: 2,9 dla J9,
4,1 dla TaOs i 6,3 dla ZrQ. Pomiary EPR prébek proszkowych uttiwity identyfikacje
powierzchniowych anionorodnikéw ponadtlenkowych O W przypadku amorficznego
tlenku niobu(V) obserwowano rombowe widmo EPR zdmelory jedm sktadowa struktury
nadsubtelnej’tNb, | = 9/2) przedstawione na Rys. 1. Parametry hanitanspinowegod;y
=1,993,0yy = 2,017,0,; = 2,032, Ayy| = 1 mT,Ax i A,z nierozdzielone) uzyskane na drodze
symulacji komputerowej programem EPRsim32 [7] wsk@az na tworzenie
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Rys. 1. Widmo EPR (77 K) i jego symulacja komputeaalla anionorodnikéw ponadtlenkowych na
powierzchni amorficznego NOs.

powierzchniowych komplekséw z rodnikowym ligandenonpdtlenkowym zwizanych
bezpdrednio z centrum metalicznym. Intensywasygnatu EPR bardzo silnie zajeod pH
roztworu reakcyjnego (Rys. 2), co sugeruje elektstygzny mechanizm tworzenia rodnikdw.
Najwicksze stzenia powstajcych rodnikow obserwowano przy niskich wadiach pH (ok.
2). Zarbwno obrienie wartéci pH jak i jej podwyszenie prowadzi do zmniejszenia
intensywndci widm EPR.
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Rys. 2. Zalenos¢ intensywnéci sygnatu EPR anionorodnikéw ponadtlenkowych naipzchni amorficznego
Nb,Os w funkcji pH mieszaniny reakcyjnej.

Na powierzchni amorficznego tlenku tantalu(V) pakgi z nadtlenkiem wodoru
tworzone g réwniez anionorodniki ponadtlenkowe. W obu przypadkach ostowi pH
towarzyszy zmiana stenia anionorodnikOw z maksimum przypagsjn w okolicach punku
izoelektrycznego. Dla T®s ksztalt sygnalu EPR ulega dodatkowo zmianie (R)s.co
sugeruje obecrs¢é przynajmniej dwoch typdéw centréw paramagnetycznyechbadanym
uktadzie. Dla wysokich warfsi pH (powyej 9) sygnat staje sibardzo staby. Jednocrae
na widmach Ramana pojawiagssilne pasmo pofmne przy 880 cnt swiadczce o
powstawaniu grup &

Obserwowane zateosci sigzenia powstajcych rodnikéw ponadtlenkowych oraz grup
perokso G~ wskazuj na elektroprotyczny mechanizm ich powstawaniazMe reakcje
chemiczne tlumaere obserwowane spektroskopowo zmianyznao zapis& w postaci
nastpujacych sekwencji: KO, + amorf-OH = HG™ + amorf-OH"; HO,” + amorf-OH = G*~
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+ amorf-OR"; HO,” + H,0, = O, + OH + H,O, gdzie amorf-OH oznacza grupy
hydroksylowe na powierzchni tlenku.

pH 11

pH3

pH2

pH 0.5

B/mT
325 330 335 340 345

Rys. 3. Widma EPR (77 K) anionorodnikdw ponadtlesmjch na powierzchni amorficznego ;0 — zalenosé
ksztattu widma od pH roztworu.

Stwierdzono, ze rozkiad nadtlenku wodoru z wytworzeniem powierzctvych
rodnikbw nie zachodzi na krystalicznych formachnkie niobu(V) oraz tantalu(V). W
przypadku tlenku Zr@ stopign krystaliczndci probki wpltywa na ilé¢ generowanych
reaktywnych form tlenu. W celu zbadania wpltywu fazystalicznej na obeci§é rodnikow
O, prébki kalcynowane w edych temperaturach poddano dziatanigOk Pomiary EPR
wykazaly obecn@& anionorodnikbw ponadtlenkowych na powierzchni maléw.
Najwigkszy intensywné¢ sygnatu zaobserwowano dla probki niekalcynowar®js( 4).
Wraz ze wzrostem temperatury obrébki termicznejiieilos¢ rodnikow szybko maleje.

a) b) 140
@
120
eksperyment 100 StrUk_tura struktura
amorficzna krystaliczna
2 80
=
symulacja ~ 60
40
20
B/mT 0 — .
T T T T — T 0 50 100 150 200 250 300 350 400 450 500 550 600
330 332 334 336 338 340 T /°C

Rys. 4. (a) Widmo EPR i jego symulacja komputeroiigaanionorodnikéw ponadtlenkowych generowanych na
powierzchni niekalcynowanego, amorficznego Zobaz (b) zalenos¢ intensywndéci sygnatu EPR w funkgji
temperatury wygrzewania ZsO

Zastosowanie techniki putapkowania spinowego z w§staniem 5,5-dimetylo-1-
pyrolino-N-tlenku (DMPO) umdiwito obserwacg rodnikow ‘OOH na powierzchniach
Nb,Os i Ta,Os. Natomiast w roztworze potwierdzono istnienie dddw spinowych DMPO-
OH" (Rys. 5). Wskazuje to na istotne znaczenie elpkitycznej rownowagi typu #D; +
HO, = O, + OH + H,O w procesie rozktadu nadtlenku wodoru na amorfichn
powierzchniach tlenkowych. Formy przeipwe HGQ™ mog powstawdé w wyniku protonacji
zelu: M—OF =M + H;0, = HO,” + M—OH—M (M = Nb, Ta, Zr).
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Rys. 5. Widma EPR adduktéw spinowych DMPO—-OH wwazach oraz DMPO-OOH na powierzchniach
amorficznych tlenkéw NJDs oraz TaOs oraz ich symulacje komputerowe.

Przeprowadzone badania potwierdzity zinwos$¢ generowania reaktywnych form tlenu
(O, OH i 022‘) w trakcie reakcji HO, z amorficznymi tlenkami Ni®©s, TaOs i ZrO..
Formy te zostaly zidentyfikowane na podstawie poéwia EPR badanych tlenkéw oraz
roztworow z putapkami spinowymi pmizonymi z symulacjami uzyskanych widm, azak
pomiarow widm Ramana. Wykazano sgilnzaleznos¢ ilosci  powstagcych form
ponadtlenkowych i perokso od pH mieszaniny realajyjiVraz ze wzrostem pHegenie
form perokso @& rosnie kosztem form ponadtlenkowych, OBadane tlenki okazaly i
nieaktywne w procesie generowania reaktywnych fiemu po ich krystalizaciji.
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The Cr-doped ZnTe films have been studied as a oess of diluted magnetic
semiconductors with the high Curie temperature Aljeplacement of Zn atom with Cr in the
ZnTe structure introduces not only magnetic imgutiut yields p-type doping as well, what
results in a net ferromagnetic exchange interag2pnMagnetic properties of epitaxial films
of the material being investigated were studiediloms obtained by molecular beam epitaxial
(MBE) method [3].

We also report ESR measurements on thin films obthiby pulsed laser deposition
method (PLD). Layers were obtained from the tarfileCrTe fabricated by pressing of
powder CrTe and Zn. The pulse laser Nd:YAG with waelengthA= 1064 nm was used.
Layers were deposited on Si, glass, KCI, and qu&dz ESR measurements the layers on
quartz (without ESR signal) were chosen. The ES&ctsp were measured using Bruker
spectrometer operating in the X-band (9.4GHz) ie temperature range 150-210 K.
Observed spectra consist single broad line of th&oD shape. The temperature dependences
of the base parameters of the spectra are collected.1.
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Fig.1. Temperature dependence of parameters ofdp8&ra of Zn CrTe thin films: linewidth (a), insty
asymmetry parameter A/B (b).

The results are addressed basing on Huber theasgtobpic exchange coupling of
the Heisenberg spin-spin system [4].
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Abstract

The difficulty in determining the EPR resonanceeliparameters of ferromagnetic
semiconductors has been addressed. For these atsatba resonance line is very broad and
lies at the low resonance field, so that only the pf the line can be detected experimentally.
Moreover, the line is of asymmetric (Dysonian) shalescribed by the line shape parameter
a. We have compared values of line parameters dedbyecomputer fitting of the whole
experimental EPR line to the Dyson function (or ffied Dyson function) with the values
obtained by applying this procedure to the left tredright half of the line.
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Jadwiga Szczygiet Ewa Nawolska, Natalia Ogrodowicz, Ewa Bidfiska, Stanistaw
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W $rodowisku wodnym chrom tworzy stabilne zwki w postaci sz&io-
i tréjwartasciowych jonéw [1]. Aniony chromu(VI): GO;* i CrO%, ze wzgkdu na swoje
wihasciwosci utleniapce, odznaczajsie wysoka toksyczndcia dla organizmowzywych [2]
i srodowiska wodnego [3]. Dlatego elimnacja tych gkidw ze sciekow i zbiornikow
wodnych jest niezimina. Biosorpcja, wykorzystga naturalne materiaty, jest jedrz
obiecupcych metod usuwania jonéw Cr(VI). Skrobia jest naltuym, semikrystalicznym
polisacharydem, ktérego skladowe: amyloza i amytope tworza granule z naprzemiennie
utozonych warstw krystalicznych i amorficznych. Jesté ubstangj powszechnie dogbna,
biodegradowala i bioodnawiala. Ze wzgédu na widciwosci i struktug wewretrzng granul,
skrobia mae by uzyta jako biosorbent zwikkéw chemicznych z roztworéw wodnych.
W szczegolnéci skrobia mae wigzat jony metali za pomac oddziatywa kationdw
z grupami hydroksylowymi [4,5]. Zazwyczaj, kationgetali przejciowych oddziaty z
grupami funkcyjnymi makrocsteczek poprzez tworzenie kompleksow [6,7] lub kedun
situ (Au, Ag), co prowadzi do wbudowania namgatek metali do struktury polimeru.
Podobne reakcje omowione zostaty w odniesieniuedéaji kationow metali prz&jiowych z
polisacharydami [8]. Zatem, grupy karbonylowe i tokbylowe znajdujce s¢ w skrobi
moga dziata jako ligandy, jak réwnie reduktory jonow metali. Pozytywny wpltyw na ae]
wymienione wiaciwosci map grupy fosforanowe, w matych Hdoiach wysgpujacych w
natywnej skrobi ziemniaczanej. Wdéneejsze badania wykazalyze natywna skrobia
ziemniaczana wWrodowisku kwanym, redukuje aniony chromianowe do jonéw Cr(V)
i Cr(lll) przy udziale grup hydroksylowych [Rys..1]

Cr(lll)mp>

pH=1

300 400 500
Pole magnetyczne / mT

200
Rysunek 1. Widmo EPR natywnej skrobi ziemniaczaoejeakcji z jonami Cr(VI).

Powstatein statu nascendjony Cr(lll) wykazup duza aktywnad¢ w wiazaniu s¢ ze
swiezo utworzonymi grupami karboksylowymi i/lub karboaylymi [Rys. 2].
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Nx10"° / jonéw Cr(i)-g~!
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Rysunek 2. Sorpcja jonéw Cr(l11), powstatych w wiumiredukcji CsO-* lub dostarczonych z roztworu
Cr(NG;,)3, na granulach skrobiowych. Warunki: pH=1;&/4, 5 g skrobi; zawart@ fosforu 0,33%

Celem bada bytlo okrdlenie wptywu modyfikacji skrobi ziemniaczanej naopesy
redukcji jonéw Cr(VI) i sorpcji jondw Cr(lll) z rawvoréw wodnych, oraz poréwnanie
efektywndaci sorpcji jonow Cr(lll) wytworzonych w wyniku redaji i dostarczonych z
roztworu soli.

Badaniom poddano skrabi utleniors ifosforylowara. Reakcje modyfikatow
skrobiowych z roztworami ¥Cr,O; oraz Cr(NQ)s; prowadzono w szerokim zakresie pH.
Zawarta¢ Cr(lll) w badanych probkach oznaczono za pogmmamiaréw ilgciowych metoda
elektronowego rezonansu paramagnetycznego (EPRgsiPz analizowano na zawasto
jonéw Cr(VIl) metod kolorymetryczm z difenylokarbazydem (UV-Vis) oraz chromu
catkowitego metoglatomowej spektrometrii absorpcyjnej (ASA).

Wykazanoze utlenianie grup —OH do grup —COH i —COOH zmnizjsas¢ centrow
redukupcych. W konsekwecji, il& jondéw Cr(Ill) i Cr(V) w skrobi wytworzonych w wyku
redukcji jest mniejsza. Natomiast utlenianie nie tywya na ila¢ jonow Cr(lll)
zaadsorbowanych z roztworu Cr(§e

Fosforylacja skrobi zwksza ilg¢ jondw Cr(lll) ulegagcych sorpcji, powstatych
w wyniku redukcji Cr(VI) wsrodowisku kwanym (pH=1). Podobny efekt obserwuje; si
w przypadku sorpcji jonéw Cr(lll) z roztworu Cr(NJ2 [Rys.3].

Nx10'°/ jonéw Cr(lll)-g™
12 1
H=1
10 1 P

8 -

Cr(lll) z Cr(NO,),

SKROBIA SKROBIA SKROBIA SKROBIA
NATYWNA FOSFORYL. NATYWNA FOSFORYL.

Rysunek 3. Wplyw fosforylacji skrobi na sorpgpnow Cr(Ill) powstatych w wyniku redukcji Cr(VI)
lub dostarczonych z roztworu Cr(N)@. Warunki: pH=1; 5 g,/L, 5 g skrobi; zawart@ fosforu 0,33%
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llos¢ jonow Cr(V) zwhzanych ze skrohinatywry niewiele do wartéci pH=2, po
czym osiga plateau. W skrobi fosforylowanej zawaétpicciowartagciowych jonéw chromu
zwicksza st wraz ze wzrostem pH roztworu [Rys.4].

Nx10'°/ jonéw Cr(V)-g-!

10
8
6
: A A A A
4] A
2]
. A Skrobia natywna
| Skrobia fosforylowana
- -

0 1 2 3 4 5 6 7 8 9 10 11 12
pH
Rysunek 4. Wptyw pH na zawaktojonéw Cr(V) w ziemniaczanej skrobi natywnej i zigiaczane;.
Warunki: pH=1; 5 g,/L, 5 g skrobi; zawart@ fosforu 0,33%

Badania wptywu modyfikacji skrobi na reakg jonami Cr(VI) mog zost&
wykorzystane do ulepszania procesow bioso§oofikow zanieczyszczonych zygkami
sze&ciowartagciowego chromu.
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Bakery products such as biscuits belong to themodiwconvenient food products that are
often sought by consumers. Biscuits may contaim lEgounts of fats, which should have
high oxidative stability and suitable plasticitynd type of fat has significant impact not only
on physical and sensory properties of high fat petgl but also on their nutritional
characteristic. Particularly important is the comigion of fatty acids, including the content of
polyunsaturated fatty acids that are importantienots which, however, are prone to oxidative
reactions. That kind of reactions decreases théty@and functional properties of biscuits,
and reduces their shelf-life [1]. To slower thedative deterioration, the synthetic and natural
antioxidants may be added. The use of syntheticoxdants such as BHADb(tylated
hydroxyanisolg or BHT (kutylated hydroxytolueneis restricted because of their toxicity.
Therefore spices and herbs, as well as their dsiratay be important ingredients of bakery
products as sources of biologically active substanwith antioxidant activity, such as
polyphenols. Not only do they have antioxidativieet, but their presence in foods may also
improve the health value of bakery products [2].

Many techniques are used to estimate the antiokidfect of natural antioxidants on
oxidative stability of fats. Some examples are addhtial scanning calorimetry (DSC),
oxygen consumption test or different accelerateshgagests. As the oxidation of lipids
proceeds through radical mechanism, also electramanpagnetic resonance (EPR)
spectroscopy can be used to monitor the lipid diaadaThis approach was used in this study.

As natural antioxidants source, the thyme and rasgnextracts have been used, in
concentration of 0.02% and 0.2% per the mass otisad for the dough. BHA, in 0.02%
concentration, has been used as a standard amtitxithe lipid phase extraction of the baked
product was performed immediately after baking aftdr 7, 14 and 21 days of the baked
product being in storage at 60 °C, and the extdassmples were kept refrigerated until
analysis.

For spin trapping experiments the PBN spin trapbdeen used and the formation of free
radicals during accelerated aging at elevated testyre in its presence has been measured
according to Velasco with modifications [3]. Theensity of radical adducts spectra after 6
hours of accelerated aging was taken as a measar&ation susceptibility.

The obtained spectra exhibited different pattedependent on the phase of storage of
studied products. For samples collected just afiking the spectra are characteristic for PBN
adducts in moderately viscous environment, andianéar to the spectra obtained for
sunflower [4] and virgin olive [5] oils (Fig. 1).HE lowest intensity of EPR spectra of radical
adducts has been observed for the sample with tb&@&tnary extract, followed by BHA
sample. For all samples with antioxidants, bothtsgtic (BHA) and natural, concentration of
spin adducts significantly lower than for the cohtample has been observed.
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Fig.1. Representative EPR spectra of PBN adductsnadlated after 6 hours for lipid fraction of baker
products, extracted immediately after baking

After 7 day of storage, the above pattern was oesewonly for samples with the
rosemary extract, in both concentrations; for tileo samples the spectra that can be ascribed
to nitroxide radicals in the restricted rotatiorgiree have been obtained (Fig. 2). This
restricted rotation regime pattern was observed fis all samples after 2 and 3 weeks of
being in storage. This difference in spectral patecan be ascribed to a viscosity difference,
since all samples exhibiting the restricted rotatgpectra were solid at room temperature,
while all the samples extracted immediately aftakibg and samples with the rosemary
extract after 7 days of storage were flulthe amount of radical adducts formed after one
week of storage was the highest for samples wislenary extract, for both concentrations,
and it was significantly higher than that obserf@dall other samples. At this stage, only the
samples containing the thyme extract had lowemnsitg than the control sample. As for the
relative intensity after 2 weeks, for samples withme extract it was still lower than for the
control sample, for the BHA sample it was the saasefor the control sample, and for
samples with rosemary extract it was still higheart for the control sample, though the
difference was much less prominent than after oaekwAfter 3 weeks, very low intensity
was observed for all samples.

*1/6  rosemary
extract 0.2%

*1/10 _rosemary
extract 0.02%

W thyme extract

0.2%

WV\/.\,‘,W thyme extract
0.02%

BHA0.02%
W\/\\w control
330 332 334 336
B[mT]

Fig.2. Representative EPR spectra of PBN adductsnadlated after 6 hours for lipid fraction of baker
product, extracted after 7 day storage at 60 °C

The intensity of EPR spectra measured after 6 holeglduct accumulation was lower
for aged samples than for the fresh ones, witletoeption of samples with rosemary extract,
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for which the highest intensity was obtained aitedays of storage. It could be due to the
decreased amount of unsaturated fatty acids in agetples, which is suggested by the
change in viscosity.

According to the results obtained in this studynik extract can be used as natural
antioxidant source for the preparation of bakerydpcts, as it inhibited the formation of
radicals during oil oxidation comparably to BHA. Wever, based on spin-trapping
experiments results, it seems that rosemary extitactigh widely used as a lipid oxidation
inhibitor, should be used with care in fat-rich gwots exposed to high temperatures.
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Since the middle ages, essential oils have beeslwitgsed for virucidal, fungicidal,
bactericidal, antiparasitical, insecticidal, medati and cosmetic applications. In nowadays,
the use of essential oils as functional ingredigntgpharmaceutical, sanitary, cosmetic,
agricultural and food industries is gaining widéenest because of increasing concern about
potential potentially harmful synthetic additives[Within the wide range of the above-
mentioned products there is a common need of rasutastances with not only pleasant
smell but also with a preservative action, aimedtoid lipid deterioration, oxidation and
spoilage by microorganisms. In this case, the e¢isdanls and their components are gaining
constantly increasing attention because of théatively safe status, their wide acceptance by
consumers, and their exploitation for potential tiqolirpose functional use [2].

Essential oils are extracted from various aromptants. Because of the mode of
extraction, they contain a variety of volatile nmmlées such as terpenes and terpenoids,
phenol-derived aromatic components and aliphaticpments [3].

Generally, essential oils have been widely studmex$t from the viewpoint of their
flavour and fragrance chemistry only for flavourifgods, drinks and cosmetics goods.
However, the essential oils is a natural sourcgsheholic components, so the investigators
are attracted to evaluate their activity as antlarts or free radical scavengers.

In the present work, we report the results of adwtaimed to compare radical
scavenging properties of 5 essential oils widelgdur skin care products such as creams
and bath salts. The studied essential oils are Rosimaetheroleum (rosemary), Menthae
piperitae aetheroleum (peppermint), Lavandulaeesekbum (lavender), Thymi aetheroleum
and Aurantii amari aetheroleumAntioxidant and radical-scavenging properties wested
by means of 1,1-diphenyl-2-picrylhydrazyl (DPPH$ags and spin trapping EPR utilizing Nt-
butyl-a-phenylnitrone (PBN) spin probe. Fenton tiesicin the presence of ethanol was used
to generate free radicals. In DPPH test the stsingadical scavenging properties were
observed for Thyme essential oil (353 mg/ml), faka by Peppermint (194 DPPH mg/ml),
Lavender (4 mg/ml) and Rosemary (1 mg/ml), whetbasweakest one were observed for
Orange essential oil (0.16 DPPH mg/ml). In Fentection, the Thyme and Orange showed
the lowest antioxidant activity as compared to ftbkerence Fenton system. Since essential
oils are known to be lipid soluble, we also conditatlies of essential oils in Fenton reaction
in the presence of lipids. In this study two moligilds were used, namely 1,2-dioleoyl-sn-
glycero-3-phosphocholine  (DOPC) and 1,2-dipalmigsiyglycero-3-phosphocholine
(DPPC). The obtained results suggested that inpthsence of DOPC lipids, tH®H and
PBN/CHCH;(OH) radicals are formed in both phases, i.e. watet lipids, and all studied
essential oils showed similar antioxidant activityhereas, in DPPC system, the additional
type of PBN/X radical adduct was generated.
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Carboxy-PTIO is a nitronyl-nitroxide spin trap, bdly used as a specific NOe
scavenger.As a paramagnetic molecule containing@wphore group it possesses a double
spectroscopic activity, manifested by well-defireattl easily interpretable EPR and UV-Vis
spectra. Reaction with NOe changes distributiothef SOMO orbital of carboxy-PTIO: from
isotropically delocalised over both nitrogen atgmvkich results in 5-line EPR spectrum with
amplitude ratio: 1:2:3:2:1), to an anisotropic &lec distribution of carboxy-PTI (EPR
spectrum of 9-lines, with identical amplitudes)afsition na* (SOMO) gives a maximum of
absorbance by 561 nm for carboxy-PTIO [1], vtk = 901 [cm* M™Y. This maximum does
not overlap neither the absorbance band of carlBdXy-nor the absorbance band of the
relevant hydroxylamines or oxoammonium cations etliped as a consequence of reaction of
carboxy-PTIO/PTI with a number of reducing (e.gs-Pand oxidating agents (e.g. ONQO
respectively. Due to the complementarity of selectiEPR, and sensitive UV-Vis
spectroscopy, a quantitative and highly informativethod of NOe concentration monitoring,
in context of the physiological condition of a lagical system (e.g. endothelial cells culture),
can be developed.

One approach to optimise the method for the quaivé purposes is to monitor the
kinetics of the reaction of carboxy-PTIO with N@s@geing standard NO-donors, e.g. DEA-
NO) by UV-Vis and EPR spectroscopy simultaneouBhe quantitative interpretation of UV-
Vis spectra is focused on the decline of the alasarb intensity at 561 nm. Interpretation of
EPR spectra is based on determination of its coemsratio: carboxy-PTIO and carboxy-
PTI, which is assessed by spectra deconvolution.
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Yttrium aluminum borate YA(BOs), (YAB) crystals doped with rare-earth (RE) ions
have been extensively used as technologically itapbmaterials [1-6]. Since dopant ions
may result in different laser wavelengths, YAB tays doped with transition metal (TM) ions
have also been investigated. Electron magnetinees® (EMR or EPR) spectroscopy was
employed to study Mi and CP* doped YAB single crystal to determine the spin-
Hamiltonian parameters at room temperature [708f. analysis of the crystal structure data
and the available EPR spectra has revealed coabidetow symmetry features. These
findings indicate an approximated nature of theviogs interpretation of EPR spectra and
necessitate their reconsideration taking into acttmw symmetry aspects.

In our previous studies a semiempirical superpmsitnodel (SPM) analysis has been
utilized to predict the zero-field splitting paraes (ZFSPs) for Mri [9] and Cr* [10] ions
located at possible cation sites in YAB. The theoadly predicted ZFSPs corroborate the
significance of low symmetry aspects. Comparisothefexperimental ZFSP values obtained
from EPR measurements with the theoretical onedblemaanalysis of the structural
distortions induced by dopant ions at th& ¥nd AF* sites. This analysis indicates that the
ZFSPs of the six-coordinated Kfrand CF* centres are well described by a structural model
for the Y** and AP* sites based on the angular distortions of theosarding oxygens. The
results obtained from our SPM analysis supporteiddier finding that Mfi" and Cf* ions
substitute for Al* ions in YAL(BO3)a.

It would be useful to complement these predictibgsadditional consideration of the
available optical data [8,11-13]. Using these datiditional calculations are carried out to
correlate the EPR and optical spectroscopy datia.&tiension of our work on Mhand C#*
doped in YAB [9, 10] would enable to verify and anke the reliability of our predicted
SPM/ZFSPs and the distortion models. The calculatiare based on the distortion models
arising from the analysis of the experimental ZR@Ries obtained from EPR measurements
for Cr* and Mrf* ions at the ¥" and APF* sites in YAB [9, 10]. Subsequently, the crystal
field parameters (CFPs) for €rand Mrf* ions located at possible cation sites in YAB are
also predicted utilizing the SPM/CFP analysis. $eess the relative strength of the trigonal
and lower symmetry crystal fields as well as tlediects on the ZFSPs, both the trigonal and
monoclinic CFPs are calculated. So obtained CHiesaserve as input for the Crystal Field
Analysis (CFA) package [14] to calculate the endayels. In this way, information on the
distortions around the &rcentres in YAB (and to a certain extent also fan*Vcentres)
obtained using the energy levels data from opspaictroscopy [8, 11-13] may be correlated
with that obtained using the ZFSP data from EPR smeanents [7, 8]. However, for
Mn*:YAB the available optical experimental data are safficient to enable adequate
correlation. The results our analysis support tiréier finding [8] that C¥" ions substitute for
Al** ions in YAB, whereas the substitution of the Mipns for AF* in YAB ions is less
firmly confirmed. Major difficulty in interpretatio of the EPR and optical spectroscopy data
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for Mn ions in YAB appears to be due to the existeaf different valence states, namely, 2+,
3+, and 4+. Deeper analysis of the available optiaga [13] suggests that Kfnions are also
observed in the optical spectra of Mn:YAB. Hensgnilar CF calculations may be also
carried out for Mfi" ions in YAB. In view of the most recent study [X8 EPR spectra of
Cr* ions in the Van Vleck paramagnet Eg80s)s, a comparative analysis of the ZFSPs for
Cr*:YAI3(BOs), and CrP:EuAls(BOs), is also warranted. Doubts arise concerning the
SPM/CFP methodology used to explain the valuehefA, splitting, i.e. the ZFS of Cf
ions, since only the final results were providetieveas the detailed computations have been
omitted in [15]. These aspects will be also congden this study
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Adsorpcja matych esteczek na centrach paramagnetycznych jest jednigtotnych
etapow reakcji katalitycznych. Uktady takie w nafay sposéb stanowiodpowiedni obiekt
do badéa metod, spektroskopii EPR. W przypadku kompleksow powibrzewych
uzyskanie z widm EPR peinej informacji o struktureéektronowej oraz otoczeniu
koordynacyjnym centrum metalicznego jest utrudnjgumiewa uktady takie charakteryzalj
sie zazwyczaj przypadkaoavorientacy centrow paramagnetycznych, ich niskymetry oraz
heterogeniczriwia. Dlatego zastosowanie relatywistycznych oblkicBéT parametrow widm
EPR (tensorg i A) dla zoptymalizowanych modeli geometrycznych pdawe identyfikacj
badanych struktur oraz interpretacjmolekularm wyznaczonych przez symulacje
komputerowe z widm eksperymentalnych parametréw meigdych (podejcie takie
nazywamy spektroskopikomputerow). Obliczenia parametrow hamiltonianu spinowego
wymagaj optymalizacji okrélonego schematu obliczeniowego (ab initio lub DFIa
kazdego badanego ukladu. W szczegétmonalery z dwa staranngcia wybrat [1]: (a)
potencjat korelacyjno-wymienny, (b) zestaw baz fuypRych, (c) relatywistyczne poprawki
do funkcji falowej (np. ZORA, Pauli, DKH), (d) prhblizenie operatora spgzenia spinowo-
orbitalnego, (e) sposéb obliczania parametréw mggmeeych (metoda jedno- Ilub
dwukomponentowa) lub ewentualnie petne relatywigtgcobliczenia czterokomponentowe
(dostpne jednak tylko dla matych uktadéw molekularnych).

W pracy zaprezentowano wyniki obligezeDFT dla wybranych przykiadow
kompleksow paramagnetycznych jonow niklu o znangukturze krystalograficznej,
wykorzystanych gtownie do ustalenia poprawnego mate obliczeniowego, jak i modeli
klasterowych centréw zeolitowych oddziajcych z matymi cgsteczkami gazowymi (CO,
CoHa, GHa, Oy, N2, NO).

Optymalizacji modeli molekularnych wytych z sieci zeolitbw ZSM-5 oraz BEA i
terminowanych atomami wodoru o zamwaych pozycjach, dokonano w programie
Gaussian09 [2] w metodzie B3LYP/6-311G(d, p). Wanitdensoréwg i A obliczono w
programie ORCA [3] w bazie TZV(P). Do optymalizadjinkcji falowej wykorzystano
przyblizenie relatywistyczne zerowegoedts (ZORA), operator oddziatywania spinowo-
orbitalnego przybliano szeregiem metod uwgzdhiajcych w r&nym stopniu
oddziatywaniem elektronowego momentu magnetyczregaasrm orbita oraz gsiednimi
orbitami. Diagramy spkzen magnetycznych wykonano za pomoednokomponentowej
metody opartej na hamiltonianie Pauliego (progradiA4]).

Sygnatury spektroskopowe komplekséw jonéw metalzepciowych z matymi
czasteczkami zazwyczaj silnie zate od geometrii adduktu, na ktprdodatkowo mee
wplywaé ciasne otoczenie w kanatach zeolitow. Dlatego gnagadzono segiobliczer dla
badanych adduktow w geometriach rownowagowych abadano czukd strukturalm
parametréow EPR wzgllem wybranych zmiennych geometrycznychtyk dlugaci wiazan).
Zaprezentowane na Rys.1 wyniki obliazektadowych tensorovg i A dla zmiany kta
dwusciennego C-Ni-Al-O w modelu NICO)I2 wskazug na silny, zaleznosé sktadowychA,
natomiast skltadowe < 2.1 § znacznie mniej czute na skenie ptaszczyzny ligandow
karbonylowych wzgidem ptaszczyzny klastera zeolitowego. ROwnowagowataié kata

174 Sesja MAGcomp wspétfinansowana w ramach akcji FOKUS
zesrodkéw KNOWkonsorcjum im. Mariana Smoluchowskiego ,MaterieeEgia-Przysziec”



Il FORUM EMR-PL 23-25.vI.2014 Sesja Posterowa

dwusciennego dla klastern@ wynosi 58°. Powgkszenie dystorsji wokot jonu tetraedrycznego
Ni(CO)2(Oe0)2 powoduje dalsze ohienie skiadowych tensorg przy jednoczesnym
wzroscie wartgci  sktadowych Aj. Na widmie eksperymentalnym zaobserwowano
wystepowanie dwdéch typow adduktow dikarbonylowych, co zmowiaza® sie z
wystepowaniem dwoéch rodzajow kompleksow azmgch wartdciach kgta dwuciennego.
Przyczyn, takiego zachowania jest wgpbwanie pozycji wymiennych w sieci zeolitu o
zroznicowanej topologii. Wyniki uzyskane dla uktadéw detowych pozwalaj na okrélenie
zwiazku pomedzy parametrami spektroskopowymi a lokabtruktug centrow niklowych i
ich adduktéw z czsteczkami reagentow dla zeolitow niklowych.

\ .
5 = N )/
:.\-“-."]Q
65 - LA
1 \ v
55 "‘V-'/
('1 1 5 3'0 45 e:u 1"5 9;0 0 15 30 45 60 75 %
kat dwuscienny C-Ni-Al-O kat dwuscienny C-Ni-Al-O

Rys.1. Wplyw zmiany #a dwisciennego C-Ni-Al-O w modelu MCOYI2 na wartdci sktadowych tensordgyi A.

Sktadowe tensor@ okazaly s§ znacznie bardziej czute na zastosowany potencjat
korelacyjno-wymienny mi na funkcje bazy. Wytaie najlepsze (bardziej zbtine do
wartasci eksperymentalnych) wyniki otrzymano steguj funkcjonaty hybrydowe. Dla
zeolitowego kompleksu monokarbonylowegd MRys.2.) zbadano dodatkowo wplyw efektow
relatywistycznych (obliczenia perturbacyjne, metogednokomponentowa), ti. metody
uwzgkdniania efektu spezenia spinowo-orbitalnego (SO) w obliczaniu tensgraW tym
przypadku najbardziej zgrubne przyblnie sprzzenia SO bazafe na efektywnym tadunku
jadra (Zg), gdzie udzialy 2-elektronowe zostaty potraktowgaleo ekranowanie udziatow 1-
elektronowych, zawsa wartdci Agmax podobnie do przyblen uwzgkdniapcych wyzsze cziony
oddziatywania SO — M sooi SOMF. Najmniejsz zgodnd¢ z eksperymentem uzyskano stasuj
potencjat efektywny pomijagy 2-elektronowe oddziatywanie SOagsdnimi orbitami.

55 -
50
45 : desa censsedunell. ... Fee eksP-
40 ' B
35
30
25 |
20 L

[0 nierelatywistyczne orbitale KS
Il relatywistyczne orbitale KS

Agmax * 100

Zeff Veff VeffSOO SOMF

Rys.2. ZmianyAgmax dla kompleksu NCOM7 (PBEO/TZV) z uwzgidnieniem efektéw relatywistycznych i
zastosowaniem pfych metod przyblania sprzzenia spinowo-orbitalnego.
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Rys.3. Diagram spezen orbitali Kohna-Shama dla najwm@iejszych udziatéw paramagnetycznych do
sktadowych tensorg dla kompleksu [NCO(H,0),]*, bazujcy na obliczeniach bez restrykcji spinowej BP/TZP
w skalarnym schemacie relatywistycznym opartymarailionianie Pauliego. Spgzenia magnetyczne
zaznaczono strzatkami, odpowiednie udzialy (>1086taty podane w ppm. Parj przedstawiono strukter
kompleksu [NiICO(H,0),]*, orientacja osi tensora g oraz kontgstgsci spinowej.

Zaobserwowanoziréznica pomgdzy obliczonymi a eksperymentalnymi wat@mmi
tensorowg i A zalezy od redystrybucji gstasci spinowej w kompleksie paramagnetycznym.
W przypadku spinu zlokalizowanego na centrum metayym obliczone wyniki & silniej
zalene od wyboru funkcji bazy, a wakm sktadowychg; i A; eksperymentalnych i
obliczonych g bardziej rozbiene niz w przypadku rodnikoéw zlokalizowanych na ligandzie.
W oczywisty sposob jest to zaziane z udziatem oddziatywania SO.

Molekularry interpretagj anizotropii tensorag mazna uzyské korzystagc z obliczé
bazupcych na skalarnym Hamiltonianie Pauliego, c#lzi ktérym ilosciowy opis
obserwowanych eksperymentalnie przestifig wzgledemge. mazna dyskutowa bazujc na
udziale poszczegollnych orbitali molekularnych w zgpeniach indukowanych polem
magnetycznym (Rys.3.). Tego typu diagramy pozwatawniez na zrozumienie czusoi
strukturalnej poszczegolnych skiadowygh, jak rownie sa przydatne przy wygnianiu
pochodzenia molekularnego niekoicydencji osi gtdeimytensorag i tensora struktury
nadsubtelnej. Przyktad takiej analizy przedstawiaa modelu kompleksd*CO-Ni(l).
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Wartaici zaznaczone na schemacie gpe# dajp wkitady do przesuré paramagnetycznych
(AgP V™Y tensoray.
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Theoretical methods based on Kohn-Sham densitytibmad theory (DFT) and its time-
dependent (TD) extension remain the ‘workhorse’ mafmerical quantum chemistry,
especially for first-principles calculations of gral- and excited-state properties for larger
systems, including electronic spectra, electrorigadhic and static linear and higher order
‘response’ properties, or conformational and/oraigic averaging of spectra and response
properties. Despite widespread popularity and gseatess of (TD)DFT in the determination
of various properties for a wide variety of systersaveral problems have been noted in
practical calculations that can be traced backhwo dtatic correlation problem, and to the
delocalization error. [1,2] In the present work @splore the sometimes dramatic impact of
the delocalization error and possible benefits ftbmuse of long-range (LC) corrections and
‘tuning’ of functionals in (TD)DFT calculations afolecular ground-state and response
properties. [3-6]

As demonstrated by Perdew et al. in Referencetlig],exact DFT energif(AN) varies
linearly for electron number&N between integerdl; with the slop of each segment being
equal to negative ionization potential (IP) of tepecies with integeiNi.; electrons.
Approximate DFT functionals do not generally proglube correct straight-line segment
behavior of E(AN) and the discontinuous change in the slope. ldstéaere may be
pronounced curvature iE(AN) between integers, which — as discussed by Yardy an
coworkers [1,2] — is an indication of an unphysidalocalization error. Positive curvature
(negative deviation of th&(AN) curve from linear) indicates that the delocalmatof the
electronic structure is unphysically too strongghlive curvature (positive deviation of the
E(AN) curve from linear) implies a too strongly locakk (not sufficiently delocalized)
electronic structure. The delocalization error rfests directly in calculated chemical and
physical properties of molecules. For instancerghs a tendency of approximate density
functionals to overestimate the covalent charadferdative ligand-metal bonds, or the
character of charge-transfer (CT) in the grountestér-conjugated chromophores. Figure la
shows the energy gdara-nitroaniline (pNA) — one of the simplest donorcceaptor ‘push-
pull’ Techromophore frequently used in computational gsidhs a benchmark system for
molecular response properties — calculated withtrelesock (HF) and selected standard
functionals for fractional electron numbeEAN), with AN ranging betweel; = -1 and +1.
Coefficients of AN)? obtained from quadratic fits d(AN) data points, separately in the
electron-deficient4AN < 0) and electron-richAN > 0) regimes, provide numerical measures
of the deviation oE(AN) from linearity. The results reflect trends the¢ &pically observed
in such calculations. Namely, HF produces negatiwevature, which indicates insufficient
delocalization, i.e. an overly strong localizatioihthe pNA electronic structure, while GGA
PBE and its hybrid version PBEO give pronouncedtiescurvature ofE(AN) associated
with over-delocalization. As demonstrated in Figlre the increasing delocalization of the
pNA electronic structure when going from HF via Bt PBE, due to the delocalization
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error as measured [B$AN) curvature, is reflected in the degree of delaedion of the amine
1t lone-pair fLP(N)) orbital represented by the correspondingliaed molecular orbital
(LMO). The HF calculations produces @.P(N) LMO with 5% of its density on the
neighboring carbon atom of the aromatic ring, whicie to the negative delocalization error
is considered to be too small, i.e. the calculatidoes not represent the physically meaningful
extent of theredelocalization of pNA. On the other hand, PBE gian increase of %C to
8%. Here, taking into account the large positivéockization error, the orbital is too
delocalized onto the aryl moiety. The extent of thedocalization error and the extent of
delocalization off.P(N) LMO is correlated further with the performanof various methods
in predicting CT excitation energies: HF is too higvhile PBE and PBEO too low with
respect to accurate wave-function theory results.

a) a b) 5 e 1034
; HF (-1.35,-1.58) - - LC-PBEO = LC-PBEh-
i PBEO (1.75, 1.80) —— 0=025 =075 g
8\ PBE (2.65, 2.66) —— :
LC-PBEO (-0.38,-0.31) —— 45 T
7% LG-PBEQ* (-0.04, 0.03) N
LC-PBE-3 (0.00, 0.02) —=— 3
6 < 8r 8
>
g 5 15
5 LC-PBEO*
o 4 v+ =0.21
2 0r f 1 | -
i 3 0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 02 03 0.4 05
v /a8 . v
2 c) ’ .
N lone pair
1 Occ. %N %C
HF 183 92 52
0 51 LC-3 1.81 89 6.9
i PBEO 1.78 88 7.6

PBE 175 86 8.2

Fig.1. Panel a): Energy of pNA as a function otfienal electron numbekN relative to neutral system =
0) for selected functionals and HF. Numerical valireparentheses provide measures of curvaturejrattte
consequence, measures of the delocalization €tamel b): One- (left) and two-dimensional (righytem-
specific tuning of long-range corrected hybrid satiof PBE for pNAJ? of Equation (2) as a function gfand
J? of Equation (2) as a function afandy; respectively. Panel c): Isosurface of amine Nelpair ‘natural LMO’
in pNA along with occupancy of a parent NBO andcpatages of amine N and neighboring C atomic hybrid
contributions.

As noticed in the literature, a significant impravent of CT excitations [8] along with
low curvature ofE(AN) [9] may be provided by using long-range corredied) functionals,
in which the electron repulsion;'is range-separated in the exchange and switchegaict
exchange for a large separation between two elestrg, by using for example the standard
error function as in 3-parameter expression of Yanal. [8]:
1 _t-farperf(), a+Bertln,) )
r12 r12 r12
Here, a and S are dimensionless parameters quantifying the itapoe of the HF/DFT
contribution in the short-range/long-range regidu. r,, close to O, the fraction of HF
exchange isa, and its DFT counterpart is 1 & As r, gets larger, the exchange is
increasingly described by the HF expression ratthan through DFT, approaching a fraction
of a+ B with r, approachingo. LC requiresa+ S= 1. The range-separation parameter
determines the balance of DFT to HF exchange etrmediater,,, governing how rapidly the
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long-range limit is attained. A smaller/larger waltesults in slower/faster replacement of
DFT exchange by its HF counterpart with an incraasmterelectronic distances. Typicgl
values range from 0.3 to 0.5 au in globally paraipet range-separated exchange
functionals. As benchmark studied have shown [tt{,performance of long-range corrected
functionals is very sensitive to the parametrizatin particular, a strong dependence of
calculated ground- and excited-state propertieshenrange-separation parameter has been
revealed.

Since yis a functional of the density and should be systiependent, a non-empirical
‘tuning’ was proposed whereby is chosen system-specifically such that a fundaahen
condition of exact DFT is satisfied, i.e. the HOM®ergy,&;, matches —IP, for IP calculated
as the difference between the total energy of yatem withN andN-1 electrons based on the
same functional / parametrization. [11] Succesttiuning of pNA with LC-PBEO is shown
in Figure 1b (left). Here, the IP criterion was bgg for HOMO of theN-electron species and
the HOMO of theé\+1-electron species via minimizing a target function:

32 =3[, (N+i)+1P(N +i)]°
i=01

Evaluation ofgy(N+i) and IPN+i) for an array of different range-separation partansg/
revealed quicklyy* value which determines the optimally tuned LC-RB#®r pNA, LC-
PBEO*. As seen in Figure 1la, LC-PBEO with typigat 0.3 au already gives a much smaller
delocalization error than most other calculatidng, the situation improves even further with
the IP-tuned LC-PBEO*. Figure 1b (right) displal/or pNA on a two-dimensional/ y grid,
under the LC constraint, i.€= 1 —a. The orange line in the valley indicates an esalgnt
continuous range of parameter sets for wiich 0. The question however arises which one
is the best? The authors proposed a two-dimensitumahg (2DT, a-y IP-tuning) as a
generalization of the aforementioned one-dimensiqgmacedure (1DT,y IP-tuning). [4]
Within the tunablex/ y'sector, IP-tuned parameter sets are selectecharaktocalization error
for each is probed. The optimal 2DT functional mriiiesJ* and has the smalle&(AN)
curvature. For pNA, it led to parametrization #&(PBEh-3, LC-3), which due to essentially
zero delocalization error gives physically meanimgixtent ofri.P(N) LMO and CT energy
very close to an accurate wave-function theoryregfee value.

As has been shown in recent years, the use of IbCtibinals, functional tuning, and
explicit quantification of the delocalization errtvave provided valuable insight regarding the
performance of (TD)DFT for molecular properties.sTts illustrated further by scrutinizing
selected molecular properties which probe differspects of electronic structure. [3-6] In
particular, excellent results for a very challemgoase of a molecular property that depends
directly on the ground-state density, the coppectat field gradient (EFG) in CuCl, are
demonstrated. Despite being a seemingly simplemtiat molecule, CuCl poses a difficult
case for DFT quantum-chemical modeling. Relatigikighly accurate coupled-cluster theory
and experiment place the largest-magnitude EFCGoteslement at Cu about -0.3 au, while
most popular density functionals fail to reproditsemagnitude, or even the sign. Based on
an analysis of the contributions from differentitals to the Cu field gradient, it was shown
that the Cu EFG is coupled to a dative covalentadtar of the predominantly ionic copper-
chloride bond and determined by a highly sensitaance between the Cu 3p and 3d shells;
too much delocalization or too little distorts thuialance. The nearly vanishing curvature of
E(AN) in the two-dimensionally IP-tuned functional ritsun the accurate EFG.

Although molecule-specific parameters for DFT chltans are not particularly
satisfying, as they for example break size-consttethere is considerable value in using
ionization potential tuning and delocalization emainimization concepts as diagnostics and
to improve calculations of spectroscopic and optipeoperties at comparatively low
computational cost. The findings of the presentadliss may provide clues for future
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improvements of DFT methods since different molacproperties exhibit varying sensitivity
to approximations in the electronic structure model
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A general theory of lineshapes in electron spinomasce (ESR) and nuclear
quadrupole resonance (NQR) [1], based on the s$tichkiouville equation, is presented.
NQR is one of the key methods providing information mechanisms of molecular
dynamics. The quadrupolar interaction is knowntasmost reliable probe of biomolecular
dynamics. The authors used the mathematical sityilairthe Zero Field Splitting (ZFS) and
quadrupolar Hamiltonians to apply the “Swedish Shkation Theory” [1] to simulate the
NQR lineshape. The ESR lineshape for systems pith$>1 is dominated by the ZFS, while
the nuclear analogue are nuclei possessing quddrupoments and the dominating
mechanism of relaxation is nuclear quadrupole augon. Presented general approach
allowed the analysis of ESR lineshape outside efgérturbation theory, which works only
when the Redfield condition is fulfilled. The pettation theory describes only two limited
situations. The first case occurs for fast motighen the Redfield limibxtc << 1, wheraox
is the amplitude of interaction and the time saafldhe fluctuations of the interaction is
described bytc. The second opposite situation is when the systambe treated as rigid.
Furthermore, the main problem in the analysis ofR\§pectra is caused by the fact, that the
analysis does not surpass the Lorenzian line, Baldblet or its superposition. To solve those
problems and describe ESR and NQR spectra beydiitywaegimes of the perturbation
theory the “Swedish Slow Motion Theory” is usedisltheory can handle complexes of any
symmetry and for any spin. Additional two modelsrafational dynamics were applied. Our
work presents how thgimp and free diffusionmodels for static as well as transient ZFS
affects the ESR lineshape. The static ZFS is utmeaisas averaged part of spin interaction.
This component is time independent only within th@ecular fixed frame, while within the
laboratory frame (related to external magneticdielis stochastically fluctuating. This is
caused by changing the orientation of moleculan&aespect to laboratory frame caused by
molecular tumbling. The transient ZFS is deviatidraveraged part of Hamiltonian. Thee
and jumpdiffusionmechanisms of motion lead to changes in the @iemt of the molecular
fixed frame with respect to the laboratory frambeTirst modelfree diffusionwas applied to
the molecular frame connected with transient ZFRSsatic ZFS.

Thefree diffusionmodel describes the situation when the molecudeaansts freely in
a given time and then jumps to a new orientationiffstance due to collision) and then again
reorients freely. The principal axis system of thensient ZFS is described by distortional
correlation time, while the molecular frame of &t&FS is described by rotational correlation
time. Thejump diffusionmodel describes the case when the molecule ha®a dveraged
orientation for a time and then jumps to a new direction. Including neational models
extends the motional model of Brownian diffusiondnditional parameter, the life time of
the orientation. Those models were also appligderdescription of NQR spectra.
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Fig.1. Simulations of NQR
spectra at B=0.1T for
ag=220kHz, for different
correlation timesg, [2].
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The presented general approach for NQR, works welf for such systems as
proteins [2]. Simulations of the NQR spectra fdfatent rotational correlation time obtained
by general theory are presented in Figure 1. Exesngl ESR lineshape for the free diffusion
model are presented in Figure 2.

Fig.2. Simulations of ESR spectra for spin
S=7/2 at B0=0.34T for varying the life time
of orientation. Transient ZFS,780.04cn,
Static ZFS R=0.045cnT, distortional
correlation timerp=15ps, rotational correlation
time tr=10" ps.

0.1 0.2 ' 013 ' OI.4 ' 0.5
Magnetic field [T]
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Chronic renal failure (CRF) is a debilitating caimah which is responsible for high
morbidity and mortality of suffering patients. Thmad condition of the patient may be
exacerbated due to the constant presence of uteriits and oxidative stress. The presence
of Highly reactive oxygen species react with otheslecules (e.g., lipids, proteins, DNA,
etc.) that come in contact with them [1,2]. Struatwhanges in albumin and increase in lipid
peroxidation in plasma as well as numerous chaimg#éee structure of the cell membrane of
erythrocytes of patients with chronic renal failuvere observed [3]. In patients with chronic
renal failure has been observed. The lipid compmosiand fatty acid content in CRF
erythrocytes were disturbed [4,5]. Structural cleenm the cell membrane may result from
the interaction of its components with uremic taxand/or free radicals. Furthermore, these
changes in lipid composition and physical propertoéthe membrane may also result in the
aging process of erythrocytes or premature remfsgad the circulation. Both high levels of
uremic toxins and oxidative stress may influenceea to higher incidence of complications
such as anemia, atherosclerosis, cardiovasculeashs accelerated aging processes [6]. As a
consequence of chronic renal failure (uremia),tlasma levels of urea are greatly increased
(30-50 mM) above normal (3-7 mM) [7]. Urea is s@or@ously decomposed to cyanate and
ammonia. Cyanate is rapidly converted into itsvactorm, isocyanic acid. In vitro, isocyanic
acid can interact with amino groups of proteins stay their carbamylation [8].
Carbamylation alters the structural propertiesrotgins by destabilization of their secondary
and tertiary structures of proteins, which leadsdonformational changes [8].

The aim of this study was to evaluate propertiesedfblood cells after treatment with
urea. The changes in erythrocyte plasma membrameéityi conformational state of
membrane proteins as well as conformational stdteinternal components (mainly
hemoglobin) were investigated using spin labelieghhique in electron paramagnetic
resonance (EPR).

Whole blood (under sterile conditions) was incubateith urea to a final
concentration of 35 mM or with PBS (control). Idel erythrocytes, erythrocyte plasma
membranes and hemolysate were used to analysial flipdity was examined at three
different depths of membrane bilayers, using 5-D&DS and 16-DS (DS-doxylstearic acid
derivatives). For investigation of conformationdianges of hemoglobin and membrane
proteins two spin labels were used (4-maleimidqg&¢z-tetramethylpiperidine-1-oxyl, MSL
and 4-iodoacetamide-2,2,6,6,-tetramethylpiperidinex¢yl, ISL). EPR spectra measurements
were performed on the Bruker ESP 300 E spectronaét@om temperature.

Incubation of blood with urea resulted in a slighticrease of lipid fluidity of the cell
membrane at a depth of 5th and 12 th carbon atdmydybcarbon fatty acids chain. However,
at the 16th carbon atom of hydrocarbon chain ay fatids no differences in lipid membrane
fluidity were observed.

The conformational state of membrane proteins medswsing ISL showed a
statistically significant change in the rotatiocalrelation time. Both the label MSL and ISL
attached to hemoglobin showed no statistically iigant changes in the determined
parameters.
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Erythrocytes and plasma components in CRF patieats be damaged by higher

concentrations of urea in the blood, which can leadarbamylation of lipids, proteins,
nucleic acid etc. [8]. Our results showed rathghslchanges in plasma membrane fluidity as
well as in membrane protein conformation. Thesaltedndicated also small changes in
hemoglobin structure. These observations can leswdts of short time of urea treatment but
also might be caused by an absence of other utemxiits, which also play important role in
chronic renal failure.

[1]
[2]

[3]
[4]
[5]
[6]

[7]
[8]

F. Antolini, F. Valente, D. Ricciardi, M. BargiiR.M. Fagugli, Clin. Chim. Acta. 2005, 358., 8%-9

J. Valentini, D. Grotto, C. Paniz, M. Roehrs, Burg, S.C. Garcia, Biomed. Pharmacother. 2008,
62, 378-382.

A. Pieniazek, J. Brzeszczynska, I. Kruszyndka(Gwozdzinski, Free Radic. Res. 2009, 43.,
1008-1018.

J. Witkowska, J. Bober, D. Chlubek, Ann. Aclted. Stetin. 2007, 53., 46-51.

J. Brzeszczynska, M. Luciak, K. GwozdzinskieERadic. Res. 2008, 42., 40-48.

R.B. Bhogade, A.N. Suryakar, N.G. Joshi, R.4tiR Indian Journal of Clinical Biochemistry,
2008, 23., 233-237.

D.J. Trepanier, R.J. Thibert, T.F. Draisey, .RC&ines, Clin Biochem.1996, 29., 347-55.

S. Jaisson, C. Pietrement, P. Gillery, Cline@h 2011, 57., 1499-1505.

185



Sesja Posterowa Il FORUM EMR-PL- 23-25.VI.2014

Poster-29
ILOSCIOWE OZNACZENIA WOLNYCH RODNIKOW WE KRWI METOD A
EPR JAKO CZYNNIK PROGNOSTYCZNY WYST APIENIA SKURCZU
NACZYNIOWEGO U CHORYCH Z KROWTOKIEM
PODPAJECZYNOWKOWYM

Ewelina Grzywna', Krzysztof Stachura', Krzysztof Kruczata?

Klinika Neurochirurgii i Neurotraumatologii, Uniweytet Jagiellaski Collegium Medicum
?Zaktad Chemii Nieorganicznej, Uniwersytet Jagikski, Wydziat Chemii

e-mail: e.grzywna@uj.edu.pl

Zarys problemu i cele pracy

Skurcz naczyniowy to jedno z nagstszych i najpowaiejszych powikia krwotoku
podpagczyndéwkowego. Jego obecidow badaniach obrazowych naézyndézgowych u
pacjentow z krwotokiem podpgizynéwkowym spowodowanyneknieciem ttniaka (aSAH
= aneurysmal subarachnoid hemorrhage) ocerian@i30-70%. U 20-30% z nich skurcz
naczyniowy ma przebieg objawowy — powoduje niedagmie moézgu i rozwoj objawdéw
neurologicznych (DIND = delayed ischemic neurolagjideficits) [1,2]. Stosowane metody
oceny ryzyka rozwoju skurczu opartg sa obrazie klinicznym. Brakuje powszechnie
uznanych markeréw biochemicznych, a to wynika Zostatecznie poznanej patofizjologii
skurczu naczyniowego. Obecny stan wiedzy wskazge,0zw0j skurczu naczyniowego to
skutek kaskady wydaraespowodowanych obecfma wynaczynionej krwi, a nagtnie
produktow jej rozpadu w przestrzeni podgaynéwkowej. Postuluje si ze jedn, z
kluczowych rol odgrywaj wolne rodniki [1,2,3,4]. Obecié niesparowanego elektronu
nadaje wolnym rodnikom wdaiwosci paramagnetyczne, ktOrea swykorzystywane w
metodach pomiarowych opartych na elektronowym ramsie@ paramagnetycznym (EPR)
Wyniki oznaczé z zastosowaniem CMH (CMH = 1-hydroxy-3-methoxycany-2,2,5,5-
tetramethylpyrrolidine) w badaniach nad #tayca i choroly Alzheimera potwierdzaj
uzytecznd¢ tej sondy spinowej w oznaczeniach EPR, co galdo préb z tyciem sondy na
materiale od pacjentow z krwotokiem podgaynéwkowym [5].

Celem pracy bylo ustalenie znaczenigzai wolnych rodnikbw we krwizylnej
pacjentow jako niezal®ego czynnika prognostycznego wysenia skurczu naczyniowego u
chorych z nieurazowym krwotokiem podgagynowkowym.

Materiat i metody

Przebadano 24 pacjentdbw z nieurazowym krwotokiendpppczynéwkowym
spowodowanym ¢knieciem gtniaka nacziy moézgowych i 7 pacjentow stanawych grug
kontrolm (ze zdiagnozowanym nieknictym tetniakiem naczgy mdzgowych). Pacjentow
rekrutowano w oparciu o ustalone weaziej kryteria whczenia i wyhczenia.

Badanie obejmowato pobranie obwodowej kriyinej w dobach 1, 3-4 i 5-7 od
przyjccia (postpowanie w grupie badanej). U chorych z grupy kdnep pobranie krwi
zylnej wykonywane byto jednorazowo (przy prasiu). Krew pobierano do probowek z
heparyn litowa i przygotowanym roztworem buforu Krebs-Hepes p# (tabelkowany Ar
przez 30min. na lodzie) i sondy spinowej] CMHgz8hie sondy w roztworze roboczym
wynosito 10 mmol/l; krew z roztworem mieszano wssihoku 1:1. Niezwtocznie po pobraniu
przygotowywano probki w kwarcowych rurkach EPR typuecision’ (Wilmad-Labglass),
ktére natychmiast zamirano w cieklym azocie (-19€). Jednoczaie zabezpieczano prébk
odniesienia (roztwor roboczy).
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Widma EPR rejestrowano zzyciem spektrometru Bruker X-band ELEXSYS E500
pracupcym w padmie X, w zakresie 9,4 GHz, przy mocy mikrofal 2 m\amplitudzie
modulacji 0,1 mT. Wszystkie pomiary EPR wykonanatemperaturze 150 K (przystawka
temperaturowa ER 4111 VT). Typowe widma EPR sond§HCw temperaturze 150 K
przedstawiono na rysunku 1.

CMH.HCI

CO,CH,

H3C>d<CH3 ® HCI

H,C rf CH,
OH

3250 3275 3300 3325 3350 3375 3400
Magnetic Field / G

Rys.1. Typowe widomo EPR rodnikéw CMH w temperagutb0K.
Stezenie wolnych rodnikéw w badanych préobkach obliczenoparciu o krzyw kalibracyjra
sporadzom na podstawie widm roztworéw TEMPO (2,2,6,6-tetriyiapiperydyno-1-oksyl)
0 znanym stzeniu (Rys. 2).
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Rys.2. Krzywa kalibracyjna dla TEMPO w temperatutseK.

Obecna¢ skurczu naczyniowego oceniano nieinwazyjnie zagmrmrzezczaszkowej
kodowanej kolorem ultrasonografii dopplerowskiejCOD = transcranial color coded
doppler) z wayciem aparatu Aloka ProSound 3500SX oraz poprzedzieora ocer
neurologicza (m.in. skala NHISS). Uzyskane dane opracowano ystiaiznie z
wykorzystaniem programu STATISTICA 10. Do celéw lanagrupe badar podzielono ze
wzgledu na wysipienie lub nie skurczu naczyniowego. W niektorychypadkach nie udato
si¢ uzyska& petnych obserwacji (zgon pacjenta, brak zgodyesdajna kontynuagjudziatu w
badaniu, utrata prébek w transporcie lub przy wykemiu oznacz®).

Badanie uzyskalo pozytywn opinic lokalnej komisji bioetycznej i zostato
przeprowadzone zgodnie z zasadami dobrej praktykcknej (Good Clinical Practice).
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Wyniki

W grupie pacjentbw z krwotokiem podpezynéwkowym objawowy skurcz
naczyniowy rozpoznano o 6 chorych. Nie wykazanotisj statystycznie dhicy stzen
wolnych rodnikbw midzy grup badam a kontrolm (p=0.3; test Kruskal-Wallis’a) dla
pomiarow wykonanych przy pragiu (Tab. 1).

Tab. 1. Wyniki analizy stzen wolnych rodnikéw we krwi pacjentow przy przgju.

Stezenie wolnych Grupa Grupa badana — pacjenci, Grupa badana — pacjenci, p
rodnikow kontrolna ktorzy nie rozwineli ktorzy rozwin eli skurcz
[mmol/dm?] skurczu naczyniowego naczyniowy

Srednia + SEM 0,48+0,12 0,55+0,16 1,18+0,48

95% ClI 0,19-0,78 0,20 -0,90 -0,13-2,50 0,300
mediana 0,49 0,34 0,48

IQR 0,57 0,35 1,96

SEM - standardowy il sredniej
95% CI — 95% przedziat ufdoi

IQR — rozsgp kwartylowy

Zgodnie z zalgeniami projektu pomiary kontynuowano w grupie bajaRoréwnanie gten
wolnych rodnikdw we krwi pacjentdw podzielonych zezgledu na rozwdj skurczu
naczyniowego wykazalo istotne statystycznieniée (Tab. 2) po uptywie 72 godzin lub
wiecej od zachorowania (p=0,012, test Manna-Whitney'a)

Tab. 2. Wyniki analizy sten wolnych rodnikéw we krwi pacjentéw z SAH po upheaéo najmniej 72 godzin.

Stezenie wolnych Grupa badana — pacjenci, Grupa badana — pacjenci, ktérzy p
rodnikow ktorzy nie rozwineli rozwineli skurcz naczyniowy

[mmol/ dm?) skurczu naczyniowego

Srednia = SEM 0,65+0,37 3,18+1,52

95% ClI -0,19-1,49 0,70 -7,07 0,012
mediana 0,34 2,07

IQR 0,26 5,07

SEM - standardowy {dl sredniej
95% CI — 95% przedziat ufdoi

IQR — rozs¢p kwartylowy

Omowienie wynikow

Z powodu krotkiego czasuycia i niskich sizen wolnych rodnikdw w prébkach
biologicznych ich bezpoednie badanie jest utrudnione, a czasami nibw® Pomiary
posrednie z ayciem tzw. putapek oraz sond spinowych stworzyhspektrometrii EPR nowe
mozliwosci [6]. Wykorzystanie w tych badaniach sondy spiapyCMH w pohczeniu z
przechowywaniem prébek w temperaturze cieklegougzorwolito na uzyskanie wiarygodnych i
powtarzalnych wynikow nawet gdy pomiar byt wykonywakilka dni p&niej od momentu
pobrania materiatlu od pacjenta. W tym badaniu pgnii®R wykonano w temperaturze 150 K
uzyskupc za kadym razem wyrzny i mazliwy do interpretacji sygnat EPR (rys. 1)

Skurcz naczyniowy pojawia itypowo nie wczéniej niz w trzeciej dobie od
zachorowania [7]. Daje to lekarzowi cenny czas bapoznanie, ktory z chorych jest
szczegOlnie zagiony wystpieniem skurczu objawowego i w zwku z tym wymaga
wczesnego wdtenia intensywnych metod pepbwania: monitorowania, agresywnych
metod zapobiegania i leczenia [8,9]. Stosowane dyetaceny ryzyka rozwoju skurczu
naczyi mézgowych oparteasna obrazie klinicznym (skala Boterella w modyfikadunta i
Hessa, skala WFNS — World Federation of Neurolddgstageons) i radiologicznym (skala
Fishera i jej péniejsze modyfikacje, Hijdra Sum Scoring System |akalaassensa) [8,10].
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Jednak w zadnej ze skal nie udato ¢siuzysk& jednoczénie wysokiej czuléci i
specyficznéci. Brakuje powszechnie uznanych markeréw biochenyich, a to wynika z
niedostatecznie poznanej patofizjologii skurczu zyamwego. Przedstawione wyniki
pozostay w zgodzie z zalgeniami dotyczcymi udziatu wolnych rodnikbw w rozwoju
skurczu naczyniowego.

We krwi zdrowych ochotnikow wykrywano pewne podstaw stznie wolnych
rodnikbw zwhzane z obecroia ferryl-hemoglobiny [12]. Nie bylo jednak dok wiadomo jak
Zmienia s¢ ono u chorych z SAH i skurczem naczyniowym. Prizgdene wyniki wskazuaj na
wzrost sgzenia wolnych rodnikbw powej 72 godzin od zachorowania u pacjentow z
objawowym skurczem naczyniowym. Stanowi to dowédidzat wolnych rodnikbw w rozwoju
skurczu naczyniowego, ale nie znamy jeszcze jegmakteru. Analiza uzyskanych wynikéw nie
wykazata zwizku midzy stzeniem wolnych rodnikéw we krwi pacjentow w dobieyjcia a
ryzykiem rozwoju skurczu naczyniowego w odlegtyabakch hospitalizacji. Natg podkreli¢
jednak, ze wyniki te dotycz niewielkiej na razie grupy chorych, a badanie tmadal i
niewykluczone, ze ten fakt mee ulec zmianie w zwrku ze zmiaa wielkosci proby
statystycznej. Przemawia za tym korelacja, &tar kolei wykazano dla &tenia wolnych
rodnikow we krwi pacjentdow a objawowym skurczem ayacowym 72 godziny i dizej od
zachorowania. Prezentowano dane stamowiec dowod na udziat wolnych rodnikéw w
patofizjologii skurczu naczyniowego w krwotoku pa@pzynowkowym, Aby uzyska
jednoznaczg odpowiedzié na pytanie, czy ikriowe oznaczenia wolnych rodnikow mpaj
wartas¢ prognostyczakonieczne gsdalsze badania.
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The interaction of synthetic DOPA melanin (DM) witlitrite ions, NQ~, in the pH
3.6-7.0 range has been investigated using EPR.0Mdfthat at acid pH, especially at pH <
5.5 the reaction of DM with of nitrite generatedgla quantities of new melanin radicals,
which implies the involvement of nitrous acid, HN@ the radical formation process. When
the total nitrite concentration was kept constdr@ amplitude of the melanin EPR signal
increased as pH of the medium decreased from c&.plb 3.6. Measurements carried out at
constant pH of 3.6 showed that the melanin sigmareiased also when the nitrite
concentration increased reaching, at [HBNQf ca. 0.1 mM, a plateau level which was more
than 4-fold larger compared to the initial signaipitude observed in a nitrite free buffer of
the same pH. In contrast, when nitrite was omi#tedification caused a small decrease in the
melanin EPR signal. The effects of nitrite and Ddhcentrations on the melanin free radical
content were also investigated. It is proposed thatradicals are being generated by one
electron - oxidation of melanin ortho-hydroquinagreups to ortho-semiquinones by HNO
or related nitrogen oxides such as N@adicals. The possible involvement of nitric oxide
('NO) and peroxynitrite (ONOQ in DM oxidation was also examined. In air-fredusions,
nitric oxide per sedid not generate melanin radicals, however, inpglesence of oxygen a
marked increase in the melanin EPR signal inteng#ty observed. This result is interpreted
in terms of generation of radicals via oxidationDWl by peroxynitrite. Our findings suggest
that melanin can function as a natural scavengaitafus acid and some nitrous acid-derived
species. This property may be relevant to physiodddunctions of the melanin pigmerits
vivo.
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Local anesthetics (LAs) have been used in medisinee the beginning of the 90
century, but the mechanism of their action at tiedecular level is still not fullynderstood.
In particular, it is not unambiguously explainedawhole in this mechanism is played by
transport of the drug through the neuronal membtarstes of sodium channels responsible
for the gating properties, and whether drug-induoddnges in the physical state of
membrane lipids correlate with the observed phaohogecal effect.

Hough et al. [1] have showed that activity of lidow in catanionic form, with the
dioctylsulfosuccinate anion, is stronger than thiatlinically used lidocaine hydrochloride,
and suggested that the action mechanism of thedesigatives may be different. The aim of
our study was to gain information how such struadtunodification of LAs affects the drug-
membrane interaction.

We have performed comparative EPR and fluorescerperiments for the model
systems of anionic liposomes of dipalmitoyl- andhiistoyl-phosphatidylglycerol (DPPG
and DMPG, respectively) containing procaine hydimgtie (PRC in cationic form, PRCH
and procaine dodecylsulfate (ion pair PROS, insoluble in water).

The LA effect on the physical state of lipid bilayevas monitored with the use of two
spin probes: 5-doxylstearic acid methyl ester (5Pp8id 1-palmitoyl-2-stearoyl-(5-doxyl)-
snglycero-3-phosphocholine (5DPC). Analysis of EPpedral line shapes (in a wide
temperature range) clearly indicates that PROSH significantly decreases local fluidity of
lipid chains (at the doxyl group site), while foropnated PRC the effect is small or
unnoticeable. At the same time, in the presencPREHDS melting temperature of the
chains (gebL, phase transition)l,, is much lower than in blank samples, and coopat
of the process drastically decreassési-igure 1.
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l O Vg o blank, T,,=310 K
< 404 + _
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Figure 1. Left panel: EPR spectra of 5DSE spin prioldarge unilamellar DPPG liposomes in the preseand
the absence of protonated or catanionic procaihe.signals are normalized for amplitude of the retine;
arrows indicate the low-field minimum and the hfiggld maximum in slow tumbling spectra.
Right panel: Peak-to-peak linewidth of the centired plotted against temperature.
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In photophysical experiments 1-palmitoyl-2-{6-[(Ttn-2-1,3-benzoxadiazol-4-
yl)amino]hexanoyl}snglycero-3-[phosphaac-(1-glycerol)] was used as a fluorescent probe,
and we have examined quenching of the excited sfatee nitrobenzoxadiazole group by the
two forms of procaine. The catanionic derivativgpegrs to be more efficient quencher, the
result indicating a deeper location of the aromatgiety of procaine in the lipid bilayer.

Altogether, our data reveal that a local anesthetithe catianionic form penetrates
more readily into membranes, and exerts a muchgroeffect on lipid chains in comparison
to the hydrochloride of the same LA. This may bratgput an increased therapeutic activity,
as observed for the catanionic derivative of lidloeg/1]. Noteworthy, other studies also
suggest that a deeper transient location of thg drithe neuronal membrane facilitates its
access to sodium channels [2-5].
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Humusy, tworz sie w biochemicznych procesach rozktadu gkibw organicznych
zawartych w glebie [1, 2, 3]. Budowa tych watijowo skomplikowanych zwikoéw (rys.l1.)
nie jest jeszcze do koa poznana, dlatego nagéeiej rozpatruje & je na zasadzie
poréwnania rénic pomedzy nimi. Weréd naturalnych substancji humusowych wyma sk
kwasy huminowe HA, kwasy fulwowe FA i huminy.

(0]
Rys.1. a) struktura kwasu fulwowego zaproponowarazBuffle’a [4];
b) struktura kwasu humusowego zaproponowana przelted’a [5].

Wydziela s¢ je z gleby i materiatbw organicznych, na podstawdenic w ich
rozpuszczalni. Kwasy fulwowe, rozpuszczagic w wodzie, w kwasach i zasadach. Kwasy
huminowe, rozpuszczgjsi tylko w roztworach zasadowych i wytiajp w postacizeli w
srodowisku kwanym. Poniewa jednym z najlepszych wskiaikow okrelajacych stan
srodowiska, § parametry gleby, dlatego w szczegdlkiopoprzez informacje zawarte w
humusie, ména wskazywa kondycg konkretnego ekosystemu na przestrzeni lat.
Srodowisko w jakim znajdujsic kwasy humusowe, ma bezpedni wplyw na ich skiad. Z
naukowych badal[6, 7, 8, 9] wynika, 4 rézne typy zwazkdéw chemicznych (modyfikatory),
w zaleznosci od wprowadzonego gtenia, zmienig fizyczne parametry bton. Wiadomae
istnieje zwazek pomédzy aktywndcia biologiczra modyfikatora (np. toksyczioia w
dziataniu na organizmiyywe), a jego wptywem na ptynsebton modelowych [8, 9].
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Celem pracy, bylo zbadanie wptywu kwasow fulwowydtuminowych, pochodcych
ze srodowiska naturalnego oraz syntetycznych na phéngion liposoméw. Do bada
zastosowano technilelektronowego rezonansu paramagnetycznego (EPR).

Wykorzystane do badakwasy humusowe, pochodzity z warstwy powierzchmpw
torfu [10]. Ekstrakaj oraz oczyszczanie kwasow huminowych i fulwowycheprowadzono
metody Schnitzera (1978). Liposomy uformowano w procasieikacji lecytyny pochodzej
z z0ttka jaja kurzego, wrodowisku wodnym. Lecytyna, zostata spreparowankastytucie
Chemii Uniwersytetu Opolskiego, zgodnie z opisemzedstawionym w pracy [11]. W
eksperymencie, zastosowano dwie sondy spinowe®,8;2 tetramethylpiperidine-1-oxyl
(TEMPO) i 2-Ethyl-2-(15-methoxy-15-oxopentadecyj4limethyl-3-oxazolidinyloxy (16-
DOXYL) penetruace r&ne rejony btony.

Nawarki kwasoOw humusowych, spadzone z  roztworéw podstawowych, po
odparowaniu rozpuszczalnika, zostaly wprowadzonedgspersji wodnej liposoméw. Ze
wzgledu na zigona budowe substancji humusowych, w badaniach zastosowag@rsa
wagowe, ktoére w stosunku do lecytyny zmieniano &6 @o 13%. Wyte sondy spinowe,
dobrano w taki sposob, aby dawaly informazjr&znych obszarow btony. Sonda TEMPO
lokowata s¢ zaréwno w czsci hydrofobowej btony jak i wvérodowisku wodnym, informag
0 zmianach zachodeych w interfazie lipid — woda. Na podstawie widtepsondy (rys.2a)
wyznaczono spektroskopowy parametr - wspotczynrokizatu F, ktéry zwhzany jest z
ptynncicia bton [12]. wspoiczynnikaF jest stosunek amplitudy wysokopolowej linii w
widmie EPR sondy rozpuszczonej vrodowisku wodnym B), do amplitudy linii
niskopolowej pochodgej od srodowiska lipidowegoH). Wzrost parametré, informuje o
wzroscie ptynndci btony. Na podstawie widma sondy 16-DOXYL (ry9.2lwyznaczono
parametrr - czas korelacji rotacyjnej. Wakbtego parametru zalg od stopnia ptynnii
srodka dwuwarstwy lipidowej [13]. Spadek waitdo parametruz, swiadczy o wzrécie
ptynnaici wnetrza btony - wzrasta pdkos¢ rotacji sondy.

T=5.95-0H, (. ,f ¥ ;0 -2)-10™"s
[ | i 4 ~1

Rys.2. Widmo EPR sondy spinowej umieszczonej w eygpwodnej liposoméw EYL
a) sonda TEMPO, b) sonda 16-DOXYL.

Analiza parametrow spektroskopowych ( z), dostarczyta informacji o dynamicznych
wiasciwosciach badanej btony, pod wptywem zmiena@go st skzenia domieszek
zwiazkdbw humusowych. Wzgtine bédy pomiarowe wynosity odpowiednio: 2% dla
parametriF oraz 3% dla paramett

Na rys.3 i rys.4 przedstawiono wptyw domieszek, &owa fulwowych i huminowych, na
wartasci parametrow spektroskopowych sond spinowych umiasnych w btonach
liposomdw. Rys.3a. oraz rys.4a. przedstayweptyw kwasow pochodgych z torfu,
natomiast rys.3b. oraz rys.4b. opisujptyw kwasoéw syntetycznych.
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Rys.3. Zmiany wartci wspotczynnika podziatk dla sondy TEMPO w funkcji stenia domieszek kwasow
humusowych: a) naturalnych, b) syntetycznych.

6.0

5.5

5.04

710" [s]

3.54

3.0

a)

4.5+

4.04

T T T
fulvic acid
—e— humic acid

C [%]

6.0

5.54
5.0

451

Ve

0
o
o
~ 40
v

35

3.0

b)

T T
fulvic acid
—e— humic acid

0 2 4 6 8
C [%]

10 12 14

Rys. 4. Zmiany wartei czasu korelacji rotacyjnej dla sondy 16-DOXYL w funkcji gkenia domieszek
kwasOw humusowych: a) naturalnych, b) syntetycknyc

Na rys.3. przedstawiono zmiany watb parametru spektroskopowedo- wspotczynnika
podzialu sondy TEMPO, w funkcji gfenia kwaséw humusowych: a) dla kwasow
pochodzcych z torfu i b) dla kwasow syntetycznych. Z rysunwvynika, ze dla kwasow
wyekstrahowanych z torfu, zaréwno kwasy huminovkei jmlwowe nieznacznie usztywniaty
powierzchniowy obszar dwuwarstwy lipidowej, 0 czyfwiadczyta malejca wraz z
wzrostem s{zenia domieszek kwasow, wadéo parametruF. Natomiast dla zwizkow
syntetycznych, kwasy fulwowe nieznacznie uptyrmigjarstwe powierzchniow btony, a
kwasy huminowe usztywnia[rys.3).

Na rys.4 przedstawiono zmiany parametru spektraskego - czasu korelacji rotacyjnew
funkcji sttzenia kwaséw humusowych: a) dla kwaséw pochogzh z torfu i b) dla kwasow
syntetycznych. Z rysunku wynikae dla kwaséw wyekstrahowanych z torfu, zaréwno kwas
huminowe jak i kwasy fulwowe uptynniafodkowy obszar dwuwarstwy lipidowej, o czym
swiadczyt spadek warkgsi parametrur, wraz ze wzrostem @gtenia domieszek kwasow.
Zaobserwowano nieco silniejszy wptyw kwasow humigolvod fulwowych. Dla zwizkow
syntetycznych, wzrost gtenia kwasow huminowych powoduje wzrost plyéziobton.
Inaczej jest w przypadku kwasow fulwowych, gdzieest stzenia kwaséw usztywnia bten

(rys.4).

Na podstawie przeprowadzonych badaozna wychgnaé nastpujace wnioski:
1. Kwasy fulwowe i kwasy huminowe, w ady sposob wptywaly na pltynsé bton
liposomow.
2. Dla kwas6w huminowych wzrost egeénia domieszki wywotuje podobny efekt
zaroéwno dla kwasow wyekstrahowanych z torfu, jdkaikwaséw syntetycznych.
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3. Dla kwasow fulwowych wyekstrahowanych z torfu rest stzenia domieszki
wywotuje efekt przeciwny jak dla kwasow syntetyczmy Maze to $wiadczy o
wystepujacych zanieczyszczeniach modyfikaych torf.

4. Torfowe kwasy fulwowe, uptynniatérodkowy obszar dwuwarstwy lipidowej,
natomiast nieznacznie modyfikowaly pltyrddowvarstwy powierzchniowej (usztywnigj ja).
Swiadczy to maze, o migracji casteczek kwasow fulwowych, dwodka biony i ostabianiu
wiazan wystkpujacych pomedzy tahcuchami veglowodorowymi casteczek fosfolipidow.

5. Torfowe kwasy huminowe, podobnie jak kwasy syatene, usztywnialy obszar
powierzchniowy biony oraz znacznie wplywaty na ligprofobowe watrze. Swiadczy to
moze o lokowaniu s tych zwihzkow tuz pod polarnymi gtdwkami esteczek fosfolipiddw.
Mozliwe, ze kwasy huminowe, spireg warstwe powierzchniow, w konsekwencji prowadz
do jej usztywnienia.
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The protein deposits to contact lens has shown itlbeease of allergic risk and
inflammatory reactions. Lysozyme is one of the mg@j@tein components of the human tear
fluid and the most prevalent protein adsorbed dmntdrogel contact lenses. Lysozyme is
bacteriolytic enzyme with a relatively small mol&ouweight of 14.5 kDa, composed of 129
amino acids. Electrostatic interaction betweenntbgatively charged hydrogel and the overall
positive charge of lysozyme is thought to be thaseaof lysozyme uptake by hydrogels. In
hydrogel contact lenses UV radiation generates ridecals which can be investigated using
EPR spectroscopy.

We investigated two different hydrogel contact Esismaterials: etafiicon A and
nelfilcon A. The main components of etafilcon A aBehydroxyethyl methacrylate,
methacrylic acid and ethylene glycol dimethacryldéeafilcon A is ionic, highly hydrated
polymer contains 58% of water. Nelfilcon A is namic lens, contains 69% of water
comprised of polyvinyl alcohol partially acetalizedth N-formylmethyl acrylamide. These
contact lenses materials were soaked in lysozyrhuti@o and UV exposured. The solution of
lysozyme was prepared at a concentration of 0,1m@mmg/ml, 1mg/ml, 2mg/ml, 3mg/ml
and the lenses were doped for 24 hours. The testddrials were soaked in a solution of
lysozyme at different concentrations in order taifyeif lysozyme was absorbed by the
polymer. Dried samples were UV-irradiated for 1 hoddl samples were examined at room
temperature. In our experiment the increasing autnagon of lysozyme solution has caused
the growth of the amount of protein adsorbed byiletm A and was highest for the
concentration of 2 mg/ml. For nelfilcon A lysozyrserption is insignificant. The changes in
the characteristics of the EPR spectrum were obdewith increasing concentration of
lysozyme solution for etafilcon A. Nelfilcon A adbed a very small amount of lysozyme
which does not affect on the shape of EPR spectrum.
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Electron paramagnetic resonance spectroscopy (BRR)used to differentiate cereal
(wheat, barley and oat) genotypes according tor thensitivity to oxidative stress. EPR
spectra of grain materials revealed the presencagofls which were ascribed to carbon-
centred radicals formed in the structures of selukligars and starch, present mainly in
endosperms; semiquinone radicals situated in seats and phenoxyl radical species of
tyrosyl character, located in the structures ofisemats and embryos. Grains and their parts
obtained from sensitive genotypes showed higheteodof stable organic radicals than those
from tolerant once (Fig. 1).

The aim of this work was to show if stable orgardicals present in grains resulted
from the action of reactive oxygen species (RG&S)rdicting cell structures and if ROS were
more aggressive towards grains originating fronsgie varieties than tolerant ones.
Therefore, theereal grains and their parts were subjected taatngf reactive oxygen species,
formed during ozone treatment and UV irradiationbbth cases the increase of the amounts
of radical species, more intensive in grains ofsge/@ genotypes was noticed (Fig. 1). This
effect could be explained by the destruction ofnaitie, protein and carbohydrate structures
confirming that stable radicals were generatedh@ process of deactivation of reactive
oxygen species. The higher amount of stable raglamadl greater ability to their formation in
grains of sensitive varieties could indicate thghkr level of damages of biochemical
structures in these plant tissues. Hence, the ptisitey to stable radical formation could be
considered as a marker of the plant resistanceeasssconditions.
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Fig. 1. The changes in radical content in partgrains of two genotypes of wheat — Radunia (stsessitive)
and Parabola (stress tolerant) occurring after atzom.
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EPR studies bring to light free radical contemtsdrugs after thermal sterilization
process [1-6]. Free radical concentrations changeng storage of drugs [1-6]. UV
irradiation and interactions with oxygen moleculase the potential reasons of these
transformations in free radical systems in pharrwagcal substances. In this work changes in
free radicals in thermally sterilized hascobasaosed to ultraviolet radiation was examined
by electron paramagnetic resonance spectroscomjutitnn of free radical concentrations in
the samples during storage at the presence of W&/ determined. The relative changes of
spin-lattice times were discussed.

Hascobasa is combination a hydrophilic cream, camgy a mixture of white
petrolatum with emulsifiers comprehensive and otimgredients [7-9]. It includes in its
composition of 40% of purified wateAqua purificatd. It is a white, soft, creamy mass [7-9].
Hascobasa is used in the manufacture of creamsandiflicate consistency. It is also one of
the basic raw materials forming stable, liquid esmaris - lotions, which provides ample
opportunities the use of the dosage form in dertogyoand pharmacy [7-9]. It also serves as
a supplement to other ointments, creams and ligmdlsions prescription solving difficult,
unforeseen problems discrepancies encountereddudie [7-9].

Thermal sterilization was performed in hot air @nperatures: 16Q (120 minutes),
17C (60 minutes), and 180 (30 minutes). The professional hot air oven wain
circulation thermally produced by Memmert Firm (@any) was used as the sterilizer.

The powdered samples after thermal sterilizatiomewexposed to UV irradiation at
different times. The UV lamp Medisun 250 lamp wdthradiators with power of 20W was
used. The UVA radiation with waves df 315-400 nm was performed from the distance of
lamp to the sample of 30cm. Different times of Ukadiation were applied.

The first-derivative EPR spectra of the thermatbriized drug without and after UV
irradiation were measured by the use of an X-b&ml GHz) EPR spectrometer of Radiopan
Firm (Pozn&, Poland) and the Rapid Scan Unit of Jagmar Firmek&w, Poland). EPR
spectra were recorded with the microwave powefsom 2.2 mW to 70 mW. Lineshape and
parameters of the EPR spectra were analysed. giBaeimplitudes (A), integral intensities
(1), and linewidths AB,,) were obtained. The influence of microwave powertioe spectra
was tested. Free radical concentrations (N) inntladly sterilized hascobasa and in UV
irradiated samples were determined. Ultramarineangby crystal were the references. The
spectroscopic programs of Jagmar Firm and LabViational Instruments) were used.

EPR spectra of hascobasa depend on both thermiéizateon conditions and time of
UV irradiation. The practical application of theso#ts about the changes in free radical
system during hascobasa exposition to UV were dssmll
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Complex free radical system in chloramphenicol wssdied by the electron
paramagnetic resonance spectral analysis. Theterdization causes free radical formation
in drugs [1-6]. Different chemical boundsay be ruptured under heating, so several types of
free radicals may appear. In this work multi-comg@nEPR spectra of thermally sterilized
chloramphenicol were analysed. The aim of our stdvas to determine the number of
different groups of free radicals in heated chigrhenicol. Concentrations of the individual
types of free radicals in thermally sterilized chlmphenicol were determined. Microwave
saturation effect was used to deconvolution ofntiudti-component EPR spectra to obtain the
number of component lines. Complex character aé fiadical system in thermally treated
chloramphenicol was not known so far.

Chloramphenicol is antibiotic with a bacteriostaéiffect against a range of Gram
negative and Gram positive bacteria and mycoplasickettsiae and chlamydia [7, 8.
Chloramphenicol is a product isolated from Gramitpaes bacteriaStreptomyces venezuelae
It can also be obtained synthetically [7, 8]. Chataphenicol is used locally in skin infections,
eye and ear. Chloramphenicol can be used in the éddrops, ointment or suspension[7, 8].
Used in selected cases of typhoid fever, life-tta@ag infectionsHaemophilus influenzae
rickettsiosis, brucellosis, tularemia, plague aedosis anaerobic infections and tuberculosis,
typhoid, paratyphoid, whooping cough and dysenteimjoramphenicol is often used together
with streptomycin [7, 8]. Chemical structure ofafamphenicol is presented in Figure 1 [9].

OH OH

Cl

oy HN
O—I}I Cl
o} o)

Fig. 1. Chemical structure of chloramphenicol [9].

Sterilization of chloramphenicol was performed adooy to the Polish
pharmacopoeia norms [10] in hot air oven with aicuation thermally produced by
Memmert Firm (Germany). The following conditions siérilization process in hot air were
used: a) temperature 1% and heating time 120 minutes, b) temperaturézhd heating
time 60 minutes, and c) temperature ABaAnd heating time 30 minutes.

EPR measurements for powdered samples were domairiiies after sterilization at
room temperature. The measurements at room ternperatere done by an X-band (9.3
GHz) EPR spectrometer wit magnetic modulation d® k®iz produced by Radiopan Firm
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(Pozna, Poland). Numerical acquisition of the spectrehwticrowave powers in the range of
2.2-70 mW was performed by the Rapid Scan Unit agndar Firm (Krakow, Poland).
Lineshape and parameters of the EPR spectra walgsad by the use of numerical analysis
application. The experimental EPR spectra weredilty superpositions of Gauss and Lorentz
lines. The shapes and parameters of the compomeas MWwere evaluated: g-factors,
amplitudes (A), integral intensities (I), and linews (AB,p). Percentage fractions of the
individual lines in the total spectrum were obtain&otal free radical concentrations (N) in
thermally sterilized chloramphenicol and the comigions of the individual types of free
radicals were determined. Ultramarine was use eseference. Additionally the ruby crystal
EPR signals were measured. The spectroscopic pnggd Jagmar Firm and LabView
(National Instruments) were used.

The exemplary EPR spectra of chloramphenicol lsted at temperatures 1%D),
170¢°C, and 188C according with norms [10, 11]. The shape of thectra changed with
microwave power. The influence of microwave powertbe individual component lines of
the EPR spectra of the tested drug samples wassdisd.

Concentrations of the individual types of free catd in the sterilized
chloramphenicol depend on the sterilization conddi The parameters of the component
lines in the EPR spectra of the thermally treated) dliffer relative to temperature and time
of heating. EPR studies confirmed complex charaotdree radical system formed during
thermal sterilization of chloramphenicol. The résulvere useful to optimize sterilization
process of chloramphenicol.
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The complex structure of free radicals system harrhally sterilizedeucerinum
anhydricum(EA) was studied by the use of continuous micravaaturation of its EPR
spectra. The asymmetrical EPR lines with shapesgdth with microwave power were
detected for the others drugs by as [1-6]. €beerinum anhydricurstudied in this work is
the anhydrous base homogeneous, slightly trandiusaitrmass [7-9]. The consistency is
very soft. eucerinum anhydricumisointment used as standalone or in ointment
basecombination with other components[7-9]. Totat&eucerinum anhydricuns about
220 - 300 which makes it a valuableabsorbent satesfr-9].

Sterilization of eucerinum anhydricunwas performed in hot air oven with air
circulation thermallyproduced by Memmert Firm (Germany). The followingnditions of
sterilization process were used: a) temperaturé€Cléthd heating time 120 minutes, b)
temperature 17C and heating time 60 minutes, and c) temperat8¢ECland heating time
30 minutes.

EPR measurements for powdered samples were donanlfies after sterilization at
room temperature. An X-band (9.3 GHz) EPR specttemgit magnetic modulation of 100
kHz produced by Radiopan Firm (PoznaPoland) was used. The EPR spectra with
microwave powers in the range of 2.2-70 mW wereeatet by the Rapid Scan Unit of
Jagmar Firm (Krakéw, Poland). Lineshape and parammetf the EPR spectra were analysed.
Free radical concentrations (N) in thermally steedi eucerinum anhydricurwas determined.
Ultramarine was use as the reference. The speopms@rograms of Jagmar Firm and
LabView (National Instruments) were used.

The shape of the spectra changed with microwawveepoThe effect of microwave

power on shape of the exemplary EPR spectreewdferinum anhydricunsterilized at
temperature 16 is shown in Figures 1 a-c, respectively.

WMWMWW

325 B [mT] 345 325 B [mT] 345 325 B [mT]

Fig. 1. EPR spectra @ucerinum anhydricursterilized at 16%C during 120 minutes. The measurements were
performed with attenuations (a) 10 dB, (b) 8 dBj &) 6 dB. Total microwave power produced by kigstwas
70 mW.B - magnetic induction.
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The changes of shape of the thermally sterilieaderinum anhydricunmdicate that
several groups of free radicals exist in the sampl@éermal decompositions cause formation
of free radicals with different saturated EPR signa
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Pharmaceutical substances should not contain mgaosms [1-5] and free radicals
[6]. EPR spectroscopy is proposed to test usefsloésterilization in oven and autoclave for
the exemplary drug. The formation of free radigalmetamizole sodium during such kind of
sterilization was checked. The aim of this work wasletermine free radical types, properties
and concentrations in metamizole sodium steriliaédemperature 168G, 170C, 186C
during 120, 60, 30 minutes in oven with air cir¢ida and high pressure 101.3 kPa at the
temperature 12C during 15 minutes in autoclave.

Metamizole sodium is a pyrazolone derivatives. Dirugse with analgesic, antipyretic
and anti-inflammatory activity [7, 8]. The mechani®f action has not been fully elucidated
it can be bonded include the inhibition of cycloggpase [7, 8]. Indications for use of
metamizole sodium is a pain of various origins,emmtting fever after other medicines. In
children, only in the case of life-threatening febconditions persist after the administration
of other drugs [7, 8]. Chemical structure of metaste sodium is shown in Figure 1 [9].

H.C

3\ CH .
N S —
i

|
cH. ©

3 |
.

3
O

Fig. 1. Chemical structure ahetamizole sodium [9].

Thermal sterilization was performed in hot air owvath air circulation thermally. The
samples were heated at temperatur€@g6r 120 minutes, 17C for 60 minutes, and 180
for 30 minutes. Steam sterilization was performecutoclave at the pressure of 101.3 kPa
and at the temperature P21 during 15minutes. The conditions of sterilization were
according to the pharmaceutical norms [1, 2]. Therrhal sterilizer produced by Memmert
Firm was used as the thermally sterilization. Thaave produced by sterilcla@minox
Firm was used as the steam sterilization.

EPR spectra were measured at room temperaturédosdlid and liquid product of
sterilization. An X-band (9.3 GHz) EPR spectrometeRadiopan Firm (PoznaPoland) and
the Rapid Scan Unit of Jagmar Firm (Krakéw, Polamndje used. EPR spectra were recorded
with the microwave powers in from 2.2 mW to 70 mMheshape and parameters of the EPR
spectra were analysed. Free radical concentra(fns sterilized metamizole sodium were
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determined. The spectroscopic programs of Jagnnar &nd LabView (National Instruments)
were used.

Similar to our earlier EPR studies of thermallyriditeed drugs [10-13], EPR lines
were obtained for metamizole sodium sterilized weroand autoclave. The concentrations of
free radicals depend on tinoé sterilization. Negative free radical effectscells and tissues
may be expected.
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Electron paramagnetic resonance studies pointédhat free radicals are formed
during thermal sterilization of the major drugsdL-In this work free radicals in thermally
treated vaselinum flavum(VF) were examined. Free radical concentrationsheated
vaselinum flavumtype of free radicals and their properties westednined. The aim of our
work was to optimize thermal sterilization conditsofor the testedaselinum flavumrhe VF
sample should be sterilized according to the pheohogical norms [9, 10], and the product
should not contain high amount of free radicalgeRradicals via unpaired electrons destroy
structures in tissues and they are responsibléofac effects in living organism [11]. The
sterilization conditions resulted in low free raaliconcentration in VF were searched.

The testedvaselinum flavunis a greasy, translucent, odorless, low meltimgdnes,
the color yellow substance [12-14faselinum flavums obtained from the distillation of
crude oil. VF is used as a base to the prescriptfdriologically active substances and drugs
[12-14].

Vaselinum flavunwas sterilized according to the pharmacopeal ng@n40] in hot
air at temperatures: 16, 170°C, and 18C0°C. Times of heating of the drug sample were:
120 minutes, 60 minutes and 30 minutes respectivVélg professional hot air oven with air
circulation thermally produced by Memmert Firm (@any) was used in the experiment.

The powdered samples after thermal sterilizationevwgtudied by electron paramagnetic
resonance spectroscopy. The measurements at rogperure were done by an X-band (9.3
GHz) EPR spectrometer of Radiopan Firm (Paz®Roland). Rapid Scan Unit of Jagmar Firm
(Krakow, Poland) was used to numerical acquisitidrthe spectra. The total microwave
power produced by klystron was 70 mW. EPR specieewecorded with the microwave
powers in the range of 2.2-70 mW. Lineshape andrpaters of the EPR spectra were
analysed. g-Factors, amplitudes (A), integral istiées (l), and linewidths ABp,) were
obtained. The influence of microwave power on liegse and parameters of the EPR spectra
of all the samples were tested. Free radical cdratgans (N) in VF sterilized at different
conditions were determined. Ultramarine and a rabystal were the references. The
spectroscopic programs of Jagmar Firm and LabVieational Instruments) were used.

EPR signals were not observed for the original atde drug. EPR lines appeared
after thermal sterilization ofaselinum flavumat temperatures 16tC, 170°C, and 18¢°C.
The exemplary EPR spectra of the tested drug afterthermal sterilization at these
temperatures are presented in Figure 1.
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C

325 B [mT] 345

Fig. 1. EPR spectra afaselinum flavunsterilized at (a) 166C (120 minutes), (b) 17%C (60 minutes), and (c)
180°C (30 minutes). B - magnetic induction. The EPRcgewere measured with attenuation of 10 dB.

The shape of the EPR spectra indicates their comghlaracter and the majority of
free radical system in the samples. Free radigatemtrations irvaselinum flavundepend on
temperature and time of thermal sterilization. Tdmimal conditions of sterilization for
vaselinum flavumwere discussed. The free radical concentratiomgddh during storage
thermally sterilized VF. Interactions of the sampligh oxygen are probably responsible for
this effect. The performed studies confirmed usefs$ of electron paramagnetic resonance
spectroscopy in pharmacy.
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Free radicals as the active molecules with unpalectrons may be responsible for major
toxic reactions in skin and the neighboring tiss{e®]. Free radicals play an dominant
negative role during aging of skin [1-5]. Materialsed in dermatology and esthetical
medicine should quench free radicals in the skohaails. In this work electron paramagnetic
resonance spectroscopy was used to examine interaaif the exemplary dermatological
substances with free radicals. The samples diffeontents. The pharmacological substances
strong interacting with free radicals were searchBuke effect of UV irradiation on free
radical interactions of the tested samples wasddsermined.

The interactions of the tested samples with freceds were examined by the use of
DPPH. DPPH solutions in ethyl alcohol with concatitn antiaging substanceere
prepared. EPR lines of the model free radicals BPB were measured. Next EPR lines for
DPPH solution in ethyl alcohol at the presence h# tested samples were detected. The
qguenching of the model free radicals by the tedethatological sample causes decreasing of
the amplitude (A) and integral intensity (I) of ERRe of DPPH.

The dermatological samples were exposed to ult@vioradiation. The UV lamp
Medisun 250 lamp with 4 radiators with power of 20Vés used. The UVA radiation with
waves ofA: 315-400 nm was performed from the distance ofplammthe sample of 30cm.
Different times of UV irradiation were applied.

The first-derivative EPR spectra of DPPH were measiy the use of an X-band (9.3
GHz) EPR spectrometer of Radiopan Firm (P&zrRoland) and the Rapid Scan Unit of
Jagmar Firm (Krakéw, Poland). EPR spectra wererdecbwith low microwave power of 2.2
mW to avoid microwave saturation of the detectgmhals. Parameters of the EPR spectra of
the original DPPH and DPPH interacting with the pke® were compared. g-Factors,
amplitudes (A), integral intensities (I), and lindihs (AB,,) were obtained. The
spectroscopic programs of Jagmar Firm and LabViational Instruments) were used.

The quenching of EPR line of DPPH by the exempldeymatological sample is
presented in Figure 1. This substance reveal angggoperties.
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b
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Fig. 1. EPR spectra of DPPH in ethyl alcohol solut{a) and (b) DPPH interacting with the strongaaing
substance. B — magnetic induction. The spectra detected with microwave power of 2.2 mW.

The strong effect of UV irradiation on interactiowg#th free radicals was observed.
The dependence of this effect on composition ofifrenatological samples was discussed.
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Electron paramagnetic resonance spectroscopy wad s examine cisplatincis-
diamminedichloroplatinum) as the chemotherapy dillge interactions of cisplatin with A-
2058 humanmelanoma malignunctells were tested. Chemical structure of cisplasin
presented in Figure 1 [1].

Tumor cells are very aggressive and resistant &raply, so effective antitumor
compounds are sought still [2-5]. Changes in fesical system of the analysed tumor cells
after treatment with cisplatin of different conaatibns were determined.

Cl_ Pt/NH3
c~ TNH,

Fig. 1. Chemical structure of cisplatin [1].

The humanmelanoma malignuncells A-2058 were purchased from LGC Prochem
(Lomianki, Poland). Cell line was maintained in Mium Essential Medium Eagle (MEM,
Sigma-Aldrich) at standard conditions: temp.°87 and an atmosphere containing 95 % air
and 5 % CQ A-2058 cells were exposed to cisplatin in théofwing concentrations: 0.1, 0.3
and 1uM. The cells were incubated with cisplatin for 3/sla

The measurements were performed by the use of @&and (9.3 GHz) EPR
spectrometer with magnetic modulation of 100 kHadpiced by Radiopan (Poznaoland)
and the Rapid Scan Unit of Jagmar (Krakow, PolaMigrowave frequency was measured
by MCM101 recorder of EPRAD (PozinaPoland). The EPR spectra were obtained with
microwave power in the range of 2.2-70 mW. The Itotécrowave power produced by
klystron was 70 mW. Spectroscopic programs SWAMPJagmar (Krakow, Poland) and
LabVIEW 8.5 by National Instruments were used t@suee and analyse the EPR spectra.

Free radicals concentrations in the control A-2@®8s and the cells treated with
cisplatin were compared. Ultramarine was used asdference for free radical concentration.
g-Factors, amplitudes (A), integral intensities dhd linewidths ABpp) were analysed. The
influence of microwave power on amplitudes (A)emnal intensities (1), and linewidths
(ABpp), were drawn.

For all the tested A-2058 tumor cells: the contells and the cells treated with cisplatin
of different concentration, EPR spectra were oleithe EPR spectra of cells treated with
cisplatin of 0.1uM and 1uM concentration, are shown in Figures 2 and 3,aetsgely. All
detected EPR spectra were the very broad linek, limgwidths higher than 2 mT.

The continuous microwave saturation of the EPRctspeindicated that they are
homogeneously broadened. Linewidths increased ws#img of microwave power used
during the detection of the lines. The fast spitida relaxation processes exist in the control
cells and the cells treated with cisplatin. The ktugles of the EPR spectra increase with
increasing of microwave power in the whole testatye (up to 70 mWw).
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Fig. 2. EPR spectrum of tumor A-2058 cells treatdti cisplatin. The concentration of cisplatin wag puM.

The microwave attenuation of 8 dB was used. B —matig induction.
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Fig. 3. EPR spectrum of tumor A-2058 cells treatdti cisplatin. The concentration of cisplatin wiagM.

The microwave attenuation of 8 dB was used. B —natig induction.

The higher free radicals concentrations chara&driA-2058 humanmelanoma

malignumcells after treatment with cisplatin, independamtconcentration of this substance,
compared to the control cells. The lowest free aaldi concentrations were obtained for A-
2058 cells with cisplatin of 0.tM concentration. The highest free radicals conceatrat
were in these cells treated with cisplatin of @8 concentration.

The EPR studies confirmed usefulness of electroanpagnetic resonance spectroscopy

to examine antitumor compounds. The results haweadaned our knowledge of the
interactions of free radicals in A-2058 hunraelanoma malignureells with cisplatin.
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Melanins contain o-semiquinone free radicals [1F8ke radicals of melanin polymers
play an important role in binding of metal ions 41,5, 7-9] and drugs [1, 7-11]. Modification
of free radicals in melanins by the external phgiseondition in the environment effect their
ability to complex formation with ligands (metaln® and drugs). The ability binding of
ligands to melanin biopolymer is a very importaaatiire for melanotic tumor cells and
antitumor compounds. In this work free radicalssymthetic and natural melanin polymers
exposed to ultraviolet were examined. Eumelanig.(E) mainly exist in living organism [3,
12-14].

The aim of this study was to compare changes @e fladical system of melanin
biopolymer from Sepia officinalisafter UV irradiation with those in synthetic malan
prepared by oxidation of tyrosine with hydrogengxéde.

Melanin and melanin fronSepia officinaliswere obtained from Sigma-Aldrich. The
powdered solid samples were tested. The samplesiwadiated by UVA (315-400 nm) with
Medisun 250 lamp (Schulze & B6hm GmbH ), with 4iadoks each and the power of 20 W.
Different times of UV irradiation were used.

Fig. 1. Chemical structure of eumelanin [14].

EPR spectra of melanins were measured with thetrete paramagnetic resonance
spectrometer of Radiopan (Poan&oland) with magnetic modulation of 100 kHz ahd t
system of numerical detection produced by EPRADz (&g Poland). The first-derivative
EPR spectra were collected with microwave powemfrd.2 mw to 70 mW at room
temperature. Free radical concentrations and thanpeers of the EPR spectra were
determined.

EPR spectra of melanin and melanin fr&@apia officinalisare shown in Figure 2,
respectively. These spectra are the single broag.li
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Fig. 2. EPR spectra of melanin (a) and melanin f8@pia officinaligb) measured at room temperature

with microwave attenuation of 9 dB. B — magnetiduation.

The g-values characteristic for o-semiquinone fegkcals are obtained. The EPR lines

of both melanin and melanin fro8epia officinalisare homogeneously broadened. Slow spin-
lattice relaxation processes exist in the testedhgyic and natural melanin. The free radical
concentrations in both the examined polymer samgitesiged after UV irradiation. These
changes depend on time of exposition on UV. Thdulrsess of our results to evaluate of
melanin interactions with metal ions and drugsissukssed.
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Free radicals (S = 1/2) and biradicals (S = 1)eweund in DOPA-melanin and DOPA-
melanin complexes with kanamycin and copper(lIp[1h this work paramagnetic centers in
DOPA-melanin — the model eumelanin, its complexash wliamagnetic zinc(ll) and
netilmicin, were studied by the use of electronapsagnetic resonance at the X-band.
Chemical structure of netilmicin is presented igufe 1 [6].

H,NH,C H,N
H
o N—CH,CH,
7 N
NH, HO o
o
HO
I}N CH, OH
CH

Fig. 1. Chemical structure of netilmicin [6].

EPR spectra of melanin samples were measured \Wih etectron paramagnetic
resonance spectrometer of BRUKER. The first-deneaEPR spectra were collected with
microwave power in the range 0.3-200 mW at tempeeatfrom 105 K to room temperature.
Free radicals concentrations and the parameteteoEPR spectra were determined. The
following parameters were obtained: g-factors, augés (A), integral intensities (1), and
linewidths AB,p). The correlations between amplitudes, integreénsities, linewidths, and
the measuring temperature were drawn. EPR liné®efradicals obey the Curie law, and the
other functions describe correlation between irgemtensity of biradicals and the measuring
temperature [7-9]. The temperature experimenta @@t melanin samples were numerically
fitted by sum of theoretical functions charactéeigbr free radicals and biradicals.

The broad asymmetric EPR lines were detected @PA-melanin, and its complexes
wit zinc(ll) and netilmicin, independent on the reeang temperature. The exemplary EPR
spectra for DOPA-melanin-zinc(ll) and DOPA-melamnigtiimicin complexes recorded at 140
K are shown in Figure 2, respectively.
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Fig. 2. EPR spectra of DOPA-melanin-zinc(ll) (aldmOPA-melanin-netilmicin complexes (b) measured

at 140K with microwave attenuation of 7 dB. B — magnétiduction.

The shape and parameters of the EPR spectra ahimedlamples changed strongly with

temperature. The performed numerical analysis ooefi our expectations about the
existence of two types of paramagnetic centergertésted samples.

o-Semiquinone free radicals (S = 1/2) and biradi¢8l = 1), were observed in all the

studied melanin samples. Both free radicals arablimals take part during complex formation
between DOPA-melanin and zinc(ll), and netilmicine.

References

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]

[9]

Najder-Kozdrowska L., Pilawa B., \Wikowski A. B., Buszman E., Wrgeiok D., Appl Magn
Reson, 2009, 36, 81.

Kozdrowska L., Doctoral dissertation. Univeysitf Zielona Goéra, Zielona Géra 2006.

Zdybel M., Doctoral dissertation. Medical Unirggy of Silesia, Katowice 2008.
Najder-Kozdrowska L., Pilawa B., Buszman E., ¢dkiowski A. B., Swiatkowska L.,
Wrzesniok D., Wojtowicz W., Acta Phys Pol A, 2010, 183,3.

Najder-Kozdrowska L., Pilawa B., \8tkowski A. B., Buszman E., Wrgeiok D., Acta Phys
Pol A, 2013, 124, 112.

Zejc A., Gorczyca M., Drug chemistry for studerof pharmacy and pharmacists. PZWL,
Warszawa 2004.

Wertz J. E., Bolton J. R., Electron spin reswe& elementary theory and practical
applications. Chapman and Hall, London 1986.

Eaton G. R., Eaton S. S., Salikhov K. M., Foatiohs of modern EPR. World Scientific,
Singapore 1998.

Hatfield W. E., Properties of magnetically cem$ed compounds. [In:] Boudreaux E. A,
Mulay L. N., Theory and applications of molecularamagnetism. John Wiley & Sons, New
York, London, Sydney, Toronto 1976.

Acknowledgments

This work was financially supported by Medical Ugmisity of Silesia in Katowice (partially grant
number: KNW-1-005/K/4/0).

216



Il FORUM EMR-PL 23-25.VI.2014 Alfabetyczny spis autoréw

ALFABETYCZNY SPIS AUTOROW STRESZCZEN

217



Acikgdz, M., 172
Adamczyk, J., 117, 119, 120
Aleshkevych, P., 122
Augustyniak-Jabtokow, M.A., 23
Autschbach, J., 178
Baranowski, M., 33
Barylyak, A., 156
Bednarowicz, M., 31
Bednarski, W., 24, 25
Berczyiski, P., 22
Berkowski, M., 26
Berna, M., 201

Bester, M., 162, 163
Bidzinska, E., 164

Bikas, R., 122

Bilkova, I., 63

Bobitski, J., 156

Bugaj, A., 56, 128
Buszman, E., 215
ChiesaM., 153

Chignell, C.F., 190
Chlewicki, W., 33
Chmura-Skirlhiska, A., 113, 171
Chodurek, E., 211
Cieniek, B., 130, 156, 162
Czarczyski, W., 34
Czechowski, T., 33
Decyk, P., 63
DerengowskiM., 149
Dobosz, B., 31, 129, 197
Dolat, D., 22

Drabik, B., 198

Drabik, G., 171
Dragutan, I., 191
Drazikowska, K., 170
Drzal, A., 106
Drzewiecki, A., 58
Duber, S., 24

Duclaux, L., 24

Dutka, M., 104, 171
Dzilinski, K., 96

Elas, M., 106

Fedaruk, R., 39
Fedorowicz, A., 113
Filek, M., 198

Filipiak, A., 193

Francik, A., 34, 150
Froncisz, W., 104, 113, 171
Gatecka, K., 93, 97
Glenis, S., 22

Gtowacki, M., 26

Gnutek, P., 172

Gonet, M., 106
Grzeszczuk-Kg, K., 93
Grzywna, E., 186
Gurbiel, R., 29, 113, 171
Guskos, A., 22

Guskos, N., 22
Gwozdzinski, K., 184
Hatupka-Bryl, M., 31
Hosseini-Monfared, H., 122
Hruszowiec, M., 34
Jaegermann, Z., 128
Jaglti¢, Z., 25
Jankowska, A., 126
Jasnska, K., 106
Jerzykiewicz, M., 111
Jezierska, J., 52

Jurga, J., 33

Jurga, K., 33
Kabachska, Z., 129
Kaczmarek, S.M., 26
Kaczmarzyk, T., 96
Karbowiak, M., 79
Kawecka, A., 100
Kempinski, M., 30
Kempinski, W., 24, 30
Kedzia, P., 33
Khavryuchenko, O., 23
Kindrat, I.1., 58
Komorowska, M., 93, 97
Koprowski, R., 215
Kowalak, S., 126
Kozlowska, M., 167
Krasowska, A., 158
Kruczata, K., 68, 164, 186
Kruczynski, Z., 197, 215
Kruk, D., 82, 182
Krzykawska, M., 106
Krzyminiewski, R., 31, 129, 197, 215
Krzystek, J., 19

Kubiak, T., 31
Kubica-Misztal, A., 182
Kubicki, M., 122

Kuc, J., 25

Kurczewska, J., 31
Kurdziel,M., 198
Kuzma, M., 74, 162, 163
Leniec, G., 26

Lijewski, S., 23

Lis, T., 122
tabanowskalM., 198



tancucki, L., 68

tos, Sz., 24

Mackowiak, M., 23

Makarova, K., 170

Malinowski, P., 33

Man, D., 100, 107, 193

Markevich, S.A., 39

Markowski, D., 30

Matam, S., 25

Matuszak, Z., 105, 190

Maziarz, W., 74

Mazur, T., 83, 153

Michalik, J., 56

Morawski, A.W., 22

Mozia, S., 22

Mrozinska, J., 197

Najder-Kozdrowska, L., 63

Nawolska, E., 164

Nowak, K., 34

Ogrodowicz, N., 164

Olchawa, R., 100, 107

OlszewskiM., 145

Osyczka, A., 104

Owczarzak, A.M., 122

Ozarowski, A., 47, 52

Padlyak, B.V., 58, 145

Pelpiski, P., 203, 205

Piennzek, A., 184

Pierzchata, E., 209

Pietrzyk, P., 83, 153, 158, 174

Pilawa, B., 117, 119, 120, 199, 201, 203,
205, 207, 209, 211, 213, 215

Pintscher, S., 104

Pisarek, I., 193

Pliaski, E.F., 34

Podolska-Serafin, K., 83, 153, 174

Popovych, V., 163

Proniewski, B., 113

Protasiuk, V.O., 58

Prukata, W., 33

Pytel, B., 100, 107, 193

Radm, M., 89

Ramos, P., 117, 119, 120, 199, 201, 203,
205, 207, 209

Reszka, K.J., 190

Rogalska, 1., 134, 138, 142

Rudowicz, Cz., 79, 172

Rutkowska, I., 96

Sadlo, J., 56, 128

Saiko, A.P., 39

Sarewicz, M., 104

Savchuk, A.l., 134
Schroeder, G., 31
Sergeev, N.A., 145
Sheregii, E.M., 134
Siczek, M., 122
Skibinski, T., 26
Skorka, T., 106
Stowik, G.P., 42
Sobaska, K., 158
Sojka, Z., 83, 153, 158, 174
Srebro, M., 178
Stachura, K., 186
Stankowski,T., 149
Steblecka, M., 191
Stefaniuk, I., 72, 74, 130, 134, 138, 142,
156, 163
Sterniczuk, M., 56, 128
Stolyarchuk, I1.D., 134
Strzelczak, G., 56, 128
Strzelczyk, R., 23
Suska, B., 170
Szajdzhska-Petek, E., 191
Szczepanik, P., 33
Szczeéniak, E., 33
Szczygiel, J., 164
Szostak, M., 33
Szulc, P., 33
Szyld, M., 126
Szymczak, R., 122
Tadyszak, K., 23
Tazbir, 1., 150
Typek, J., 22
Virt, 1., 130
Walas, S., 164
Walski, T., 93
Wawer, 1., 167, 170
Wencka, M., 25, 129
Wieckowski, A.B., 42, 63
Wieckowski, T., 34
Witwicki, M., 87, 111
Wosiaski, S., 33
Wrobel, Z., 215
Wrzesniok, D., 215
Zalewska, A., 126, 197
Zawada, K., 167, 170
Zdybel, M., 211, 213, 215
Zinchenko, V., 156
Ziotek, M., 63
Zbikowska, A., 167
Zotnierkiewicz, G., 22



