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Plenary lectures

HOW I LEARNED CRYOGENICS
Marius Peculea

Romanian Academy, Bucharest
Cryogenics object as well as its application domain, inclusively the development in Romania of oxygen/nitrogen production capabilities by liquid air distillation, are described. Five criteria are presented which differentiate cryogenics from the refrigeration processes based on vapor compression: the lamination process / adiabatic expansion; vaporization heat; radiation; energy; heat exchange. The main cryogenic refrigeration processes are characterized, for instance the cold gas cycle, for which the cooling stage and the heat pump used in distillation are defined. The hydrogen isotopes distillation plant and the helium extraction and production plant are exemplified.

The most important experimental results obtained at ICSI Râmnicu Vâlcea were: the determination of the heat transfer in convection and boiling, the testing of the isotopic equilibrium elements in hydrogen distillation; the determination of the behavior of a filled column for the isotopic distillation of hydrogen and its equivalence with a wet wall distillation column, heat exchange for thermic regenerators operated in nonstationary regime. 

The accumulated experience was the basis for the construction of an industrial pilot for deuterium and tritium separation.

mass independent isotope Separations
Etienne Roth
103 rue Brancas F-92310 Sèvres France

e-mail: etienneroth@compuserve.com

“Mass independent” separations between isotopes of an element were first observed by Clayton on 17O and 18O from the Allende meteorite and attributed then to nucleosynthesis. Anomalous ratios of isotope abundance known at that time were due to nuclear processes. Later, atmospheric ozone and stratospheric CO2 were shown to exhibit mass independent isotope composition of oxygen. Several formation mechanisms of these “anomalous” molecules have been proposed, none being completely satisfactory.

In the laboratory these mass independent chemical separation effects were eventually reproduced. Anomalous separations were also obtained between isotopes of uranium, and even of light elements, (magnesium). These were first connected with irregularities in atomic nucleus volumes. Such effects are not recorded on natural terrestrial samples.

Two main reasons prevent such observations from having been made. Firstly laboratories investigating isotope compositions of elements, publish almost exclusively deltas of one isotope only. But, to look for possible anomalies, one needs to compare each isotope abundance in a sample to that in the standard used as origin of deltas,. An example of such calculation will be given. Secondly deltas of isotopes published by different laboratories are usually not comparable to better than a few per mil. The reason is that, to calculate deltas, most laboratories use working standards whose absolute values may not be exactly established as they are not crucial to their work. Several per mil differences will be shown to be implied between the “absolute” isotope abundance of 13C of standards, reputedly the same, used by different laboratories.

Laboratories making surveys of natural samples, should be encouraged, e.g. by IUPAC, to cover every isotope of multiisotope elements, and to make, at not infrequent intervals, a close comparison of their working standards with internationally distributed ones.

THE IMPORTANCE OF HAVING DIFFERENT ISOTOPES IN NMR/NQR STUDIES

Detlef Brinkmann

Physik-Institut, University of Zuerich, CH-8057 Zuerich, Switzerland

One of the powers of Nuclear Magnetic Resonance (NMR) as a spectroscopic tool arises from the fact that each stable element of the periodic table (except for Ar and Tc) has at least one isotope which possesses a nuclear magnetic dipole moment and hence can be employed in an NMR experiment. For the benefit of the researcher, 36 elements have even several magnetic isotopes, e.g. H, Li, B, N, Cl, K, Cu, Xe, Ba. Furthermore, there are 62 elements which posses at least one isotope having a nuclear quadrupole moment and thus, in addition to NMR, allowing Nuclear Quadrupole Resonance (NQR) experiments.

Given this rich supply of isotopes, no wonder that chemical compounds with different isotopes of the same element, for instance 
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, play an important role in NMR studies. Well known are the structural investigations in liquids by NMR (high-resolution NMR) where, e.g., hydrogen is replaced by deuterium if a certain bond is of special interest. The hydrogen bond studies in ferroelectrics using also deuterium substitution are a typical example from solid state physics.

In our review, we will present less known but representative examples where the NMR study of two isotopes of the same element yields important information on very different characteristic features of the compound (structure, dynamics etc.). We will discuss the following examples:

(i) Determination of the type of molecular movements of a transient Xe molecule in the gas phase (by using the Xe isotopes 
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(ii) Classical nature of the isotope effect of the Li diffusion coefficient in Li metal (
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 in solid Li).

(iii) Magnetic and electric origin of spin-lattice relaxation and other quantities in cuprate superconductors (
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(iv) Isotope shift of the temperature of the opening of the spin gap in the superconductor 
[image: image10.wmf]YBa

2

Cu

4

O

8

 (
[image: image11.wmf]16

O

 and 
[image: image12.wmf]18

O

 exchanged samples).

MODES OF GUEST INCLUSION IN CYCLODEXTRINS 

IN THE SOLID STATE

Mino R Caira

Department of Chemistry, University of Cape Town, Rondebosch 7701,

South Africa

Inclusion of guest molecules in cyclodextrins (macrocyclic oligosaccharides consisting of glucopyranose units) is a topical theme in supramolecular chemistry. Its exploitation finds numerous applications in catalysis, separation science, biotechnology, drug delivery and food technology.1 In this report, detailed modes of inclusion of organic guests in cyclodextrin cavities, as deduced from single crystal X-ray studies, are described. A global survey of crystalline cyclodextrin inclusion complexes based on their X-ray powder diffraction patterns has led to their systematic classification into isostructural series,2 in each of which the mode of guest inclusion has some common features. The extent to which this may serve as a basis for predicting inclusion modes for new complexes is discussed. Obstacles to accurate prediction include the unforeseen participation of water molecules in the inclusion process, guest disorder and folding of long guest molecules to occupy the cavity efficiently. Recently determined structures in these categories are described.

In some instances, guest disorder must be invoked as a requirement of crystal space group symmetry and this may prevent successful crystallographic modelling of the guest inclusion mode. A case in point is the host molecule (-cyclodextrin, which possesses fourfold rotational symmetry in its crystalline inclusion complexes. Special geometrical features of the guest molecule may, however, facilitate modelling and this is described for inclusion of a drug molecule in (-cyclodextrin, where a plausible mechanism for inclusion can be postulated.

1. J. Szejtli, "Cyclodextrin Technology", Kluwer Academic Press, Dordrecht, 1988.

2. M. R. Caira, Rev. Roum. Chim., in press, 2001.

PROTEIN PHOSHORYLATION IN DEVELOPING MAIZE ENDOSPERM

T. Yupsanis
Aristotle University of Thessaloniki, School of Chemistry, Laboratory of Biochemistry, 54006 Thessaloniki, Greece

Protein phosphorylation and dephoshosphorylation, catalyzed by protein kinases and phosphatases, respectively, are important control event in many biological processes in eucaryotic cells. Perhaps the most important switching mechanism in animal cells. An enzyme catalyzing the transfer of a phosphate group from ATP to a protein was characterized as protein kinase. Protein phosphorylation can currently be said to have three broad functions:

a) the response to extracellular signals e.g. mating factors, hormones, growth and differentiation factors

b) switching on and off processes which occur discontinuously in the cell cycle such as DNA synthesis and

c) the response to nutritional and environmental stress.

This update will discuss briefly the plant protein kinases using the classification scheme of Hanks and Hunter and will present our results on the endogenous protein phosphorylation in developing maize endosperm as well as on the purification and characterization of three type I and one type II maize endosperm casein kinases. These enzymes are included in two of the five major subfamilies of protein kinases classification and are cyclic nucleotide and calcium-independent protein kinases using acidic proteins such as casein and phovitin as artificial substrate. CK-I is distinguished from CK-II by its monomeric structure, exclusive utilization of ATP as phosphate donor, high isoelectric point (pI) insensitivity to polyanionic effectors like heparin and polyglutamate and inhibition by polyamines.

Because regulation of cell division, DNA replication and gene expression have been linked to the multifunctional CK-I and CK-II enzymes, we thought that 3- week-old maize endosperm (a time where cell division, differentiation and endoreduplication are taking place extension) could be an ideal source of casein kinases and it was true. An even more obscure topic in plant biochemistry concerns the native substrates and their physiological functions. In order to elucidate the identity of maize casein kinases native substrates non histone-hromosomal high mobility group (HMS)- proteins from the same developmental stage were isolated and used as substrates.

A summary of the investigated enzyme properties has been included in the table.

Table

Similarities and differences in the properties of CK-I isoforms (CK-IB, CK-IC, CK-IE) and CK-2D casein kinases from maize endosperm

Properties
CK-IB
CK-IC
CK-IE
CK-ID

Phosphorylated

Residue (s) on casein
Ser
Ser and Thr
Ser and Thr
Ser and Thr

Sensitivity in the presence of heparin (2 (g(L-1 )
Insensitive
Insensitive
Insensitive
Inhibition

Sensitivity in the presence of spermine (2 (g(L-1 )
Inhibition
Stimulation
Inhibition
Slight stimulation

In situ phosphorylation in active casein gel
Doublet band of 35 and 37 kDa
Doublet band of 35 and 37 kDa
Singlet band of 36 kDa
Singlet band of 36 kDa

Km (ATP)
10 (g
26 (g
11 (g
11 (g, 15 (g (GTP)

Phosphorylation in vitro of maize endosperm HMG proteins
No
No
Only one (17 kDa)
(14 kDa, 17kDa, 20kDa)

Enzymes activities were detected and determined using ((- P32 ) ATP and ((- P32) GTP as phosphate donor and dephosphorylated casein as substrate. This is the first biochemical approach demonstrating that multiple isoforms of CK-I casein kinases are present in the same plant tissue.

Based on the similarities and differences in the properties of maize endosperm casein kinases question have arisen about their intracellular localization, specific functions and relationship among them. Work is in progress to respond to these questions.

References

Dobrowolska G., F. Meggio, L.A.Pinna (1987) Biochim.Biophys.Acta, 931, 188-195.

Babatsikos C.,T. Yupsanis (2000) J. Plant Physiol., 156,492-503.

Babatsikos C.,T. Yupsanis (2001) J. Plant Physiol., 158,167-175.

Hanks S.K., T. Hunter (1995) The protein kinases factsbook (ed. D.G. Hardie and S.K. Hanks) pp 7-47 Academic Press, London.

Klimezak L. J., A.R. Casmore (1993) Biochem. J., 293, 283-288.

Pinna L.A. (1990) Biochim. Biophys. Acta, 1054,267-284.

COMPLEXITY OF THE INTERACTIONS OF ANNEXINS WITH CALCIUM AND MEMBRANE SURFACE

P. Montaville, J.M. Neumann, F. Russo-Marie1, F. Ochsenbein, A. Sanson

CEA-Saclay, Département de Biologie Cellulaire et Moléculaire, SBPM, Bât. 532, 91191 Gif-sur-Yvette cedex, France

1ICGM, Unité INSERM U332, Paris, France

Annexins (1-4) are abundant and ubiquitous proteins which bind, by their four-domain core (5), to phosphatidylserine-containing membranes in the presence of Ca2+. Although annexins were shown to be involved in a variety of cellular functions such as membrane trafficking, exocytosis, endocytosis, membrane-cytoskeleton interactions and signal transduction, their precise functions remain unclear. Their crystal structure is known for eleven years and reveal up to ten calcium-binding sites, four of which are of higher affinity. Despite this knowledge, the major lipid-binding site is still unknown. This is due to the difficulty to co-crystallize interfacial membrane protein with their lipid target for RX diffraction studies. Using molecular simulation and mutagenesis, we have now identified a phosphatidylserine-binding site in annexin V domain 1 and established its structure. The residues involved in this site constitute a consensus sequence highly conserved in all annexins. Remarkably, this consensus sequence is exclusively found in the domains-1 or -2, sometimes in both but never in domain-3 and -4. Such a pattern actually delineates three classes of annexins, shedding new light on the role played by the four-domain core of annexins that must be no longer considered as a mere membrane-binding module. The annexin core could actually encode specific information discriminating the different annexins that compete within a given cell for membrane binding. Our findings thus provide new strategies for understanding the regulation of cellular functions of annexins. They also open new prospects for a rational design of compounds for medical applications in the field of blood coagulation and detection of cancer cell apoptosis.
COMPARISON BETWEEN WATER DISTILLATION PROCESS AND HYDROGEN ISOTOPE EXCHANGE PROCESS FOR DEPLETION AND ENRICHMENT OF TRITIUM IN LIGHT WATER

Kenji Takeshita, Masami Shimizu1

Dept. of Environmental Chemistry and Engineering, Tokyo Institute of Technology, 4259 Nagatsuta, Midori-ku, Yokahama 226-8502, Japan

1Isotope Science Laboratory

1198 Isshiki, Hayama, Kanagawa-ken 240-0111, Japan

Numerical comparison between the water distillation column process and multiunit separated-bed hydrogen isotope exchange column process with hydrophobic Pt-catalyst shows that the column inner diameter and the column height in the hydrogen isotope exchange process are shorter than these in the water distillation process respectively concerning the case of the depletion and the enrichment of the tritium in light water.

OXIDATION REACTIONS ON MULTICOMPONENT CATALYSTS CONSISTING OF GOLD AND A METAL OXIDE WITH EMPHASIS ON THE SELECTIVE OXIDATION OF CO IN THE PRESENCE OF HYDROGEN

R. J. H. Grisel, C. J. Weststrate, B. E. Nieuwenhuys
Leiden Institute of Chemistry

P.O. Box 9502, 2300 RA Leiden, The Netherlandstel (31) 71 5274545

email: b.nieuwe@chem.leidenuniv.nl
This research project is motivated by:

a)
The search for improved automotive catalysts and alternative fuels in connection with more stringent legislation concerning automotive exhaust catalysis.

b) 
The search for catalysts selective in CO oxidation in the presence of hydrogen. These catalysts are required for the generation of electric energy by using the polymer electrolyte fuel cell (PEFC).

In this context the following reactions have been studied:

1) 
The oxidation of CH4
2) 
The oxidation of H2 at low temperatures

3) 
The oxidation of CO at low temperatures and the effect of H2O on the activity

4) 
The selective oxidation of CO by O2 in the presence of H2
The catalysts used in our studies include gold on (-Al2O3 and several Au-MOx on (-Al2O3 catalysts, with MOx being a metal oxide (M = Mg, Cr, Mn, Fe, Co, Ni, Cu, and Zn). The effect of the gold particle size and the effect of the presence of MOx on the activity and the selectivity will be discussed.

Gold, when highly dispersed over a suitable metal oxide (MOx), has proven to be very active in low-temperature CO oxidation [1]. It has generally been accepted that the presence of small gold particles is beneficial for obtaining high activity. For CH4 oxidation on Au/(-Al2O3 also a clear particle size effect was observed. Both the activity in CO and, to a lesser extent, CH4 oxidation on Au/(-Al2O3 can be improved upon addition of MOx. It will be shown that for CO oxidation by O2 both the presence of very small gold particles and the presence of MOx are of great importance to obtain a high activity. The effect of MOx on the oxidation activity may be twofold. On the one hand, MOx can stabilize small gold particles. On the other hand MOx may participate in the reaction by supplying active O. The catalysts used in our studies showed an increased activity towards CO oxidation upon H2O addition, only when small gold particles (< 5 nm) were present.

Generally, the activity of gold-based catalysts in hydrogen oxidation is lower than in CO oxidation. This rather unique ability, typical of supported gold catalysts, was employed in order to put together a highly active and selective catalyst for CO oxidation in the presence of hydrogen. Results concerning the performance of a number of gold-based catalysts in the selective oxidation of CO in the presence of hydrogen will be shown. The effect of the gold particle size and the effect of the presence of MOx on the activity and the selectivity will be discussed. The behavior of gold-based catalysts in the relevant reactions will be compared with those of other noble metal catalysts. On the basis of our results we propose a formulation for a novel catalyst for the selective oxidation of CO. In addition, a mechanism is proposed for the relevant processes.

[1] M. Haruta, Catal. Today 36 (1997), 153-166

THE WAYS OF DEVELOPMENT OF NITROGEN, CARBON

AND SILICON ISOTOPES SEPARATION PROCESS BY

CHEMICAL EXCHANGE

A. Egyazarov
I. Gverdtsiteli Institute of Stable Isotopes, 21, Kavtaradze st., Tbilisi, 380086, Georgia

The fractionation of nitrogen isotopes in counter – current system formed by nitric acid and nitrogen oxide (II) at low temperature from –100C to –420C was studied. At temperature of –250C in counter-current column the consumption of SO2, which is necessary for phase conversion process, was twice less than at +250C, at the same nitrogen flows in column. The possibility of nitrogen isotopes separation by means of two-temperature scheme in counter-current column was studied for the first time. This method allows us to exclude the consumption of SO2 for liquid phase conversion. 

The experiments on nitrogen isotopes separation in nitrogen oxides-nitric acid absorbed on silica gel were carried out. The process of complete conversion of waste H2SO4 into SO2 was worked out. The scheme of waste less technology of nitrogen isotopes separation was proposed. 

The method of carbon isotopes separation in CO2 –aminocarbamate system was studied. The carbon isotopes production with concentration of 99% was realized. 

For carbon isotopes separation the system based on the gaseous freons and organic solvents was proposed. The possibility of silicon isotopes separation by chemical exchange in SiF4 - SiF4( aliphatic spirit system is presented. For studying the structure of these complexes their IR and NMR spectra were obtained. The isotopic effect in SiF4 - SiF4 absorbed on silica gel system was found. 

The possibility to use the GeF4 - GeF4( aliphatic alcohol system for germanium isotopes separation by chemical exchange was suggested.

NITROGEN ISOTOPE EXCHANGE BETWEEN NITRIC OXIDE AND NITRIC ACID

D. Axente

National Institute for Research and Development of Isotopic and Molecular Technologies, P.O. Box 700, R-3400 Cluj-Napoca 5, Romania

The exchange rate law experimentally observed for 15N/14N exchange in NO - HNO3 system at low nitric acid concentration, both at atmospheric pressure [1] and at low pressure of NO [2]: R = k[H+][NO3-][HNO2], is identical with the rate law for the reaction between NO and HNO3 ,when HNO2 is formed.

The rate of nitrogen isotope exchange between NO and HNO3 has been measured as a function of nitric acid concentration of 1.5 ( 4 M.l-1. The exchange rate law is shown to be R = k[HNO3]2[N2O3] and the measured activation energy is E = 67.78 kJ.M-1 [3]. It is concluded that N2O3 participates in 15N/14N exchange between NO and HNO3 at nitric acid concentration higher than 1.5 M.l-1.

The rate of the same isotope exchange in NO - HNO3 system has been also measured as function of nitric oxide pressure 0.1 ( 0.4 M.Pa for 1 and 2 M.l-1 HNO3. It is demonstrated that 15N/14N exchange in this system has a linear dependence of NO pressure as indicated by rate measurements at different NO partial pressure and constant overall pressure,by adding helium in reactor.Using the rate law presented above the nitrogen isotope exchange rates for nitric acid concentration 1.5 ( 10 M.l-1 were calculated [4].

Nitrogen isotope exchange between nitric oxide and concentrated nitric acid with a single stage separation factor ( = 1.055, for 10 M.l-1 nitric acid,at 25o C, provides the bases for 15N separation process that is most widely used at the present time, i.e. the method of Spindel and Taylor [5].

In order to know what happens in 15N separation columns at higher pressure,when the isotopic transport is improved,a stainless steel laboratory experimental plant with a 1000 mm long and 18 mm i.d. column, packed with triangular wire springs 1.8(1.8(0.2 mm, was utilised. At 1.5 atm (absolute) and 2.36 ml.cm-2.min-1 flow rate, HETP was 7% smaller than at atmospheric pressure and 1.5 times smaller flow rate. The operation of 15N separation plant at 1.8 atm (absolute), instead atmospheric pressure,will permit doubling of the 10 M.l-1 nitric acid flow rate and 15N production of the given column [6].

DATA EVALUATION LINKING BASIC AND APPLIED RESEARCH AMONG EUROPEAN CENTERS OF EXCELLENCE

Vlad Avrigeanu, Marilena Avrigeanu, Tudor Glodariu

"Horia Hulubei" National Institute for Physics and Nuclear Engineering (IFIN-HH) P.O. Box MG-6, 76900 Bucharest, Romania
The objective of consolidation of the scientific basis for, e.g., atomic and nuclear data is a research priority of the EURATOM/Fifth Framework Programme (FP5). Thus, the advanced low-activation and radiation-resistant materials, as well as the precise definition of a reference material with reduced activation are main lines of the FP5 Key Actions. However, since it is costly and virtually impossible to measure all nuclear-reaction cross sections required by the above-mentioned applications, the development of the corresponding computing methods are essential. On the other hand, the specific experimental data do not impose sufficient constraints on the theoretical nuclear reaction models. Most of them could be equally well reproduced in terms of different approaches by adjustment of parameters always involved even in the "parameter free" models. In order to increase the predictable power of nuclear model calculations, compensation of opposite effects due to various less accurate parameter values can be avoided by means of (e.g. [1]): (a) the unitary use of the common model parameters for different mechanisms concerned at once, (b) use of consistent sets of input parameters determined by various independent data analysis, and (c) unitary account of a whole body of related experimental for isotope chains of neighboring elements.
The necessary improvement of the model calculations has been obtained within a new version of the IFIN-HH-Bucharest code STAPRE-H95 [2,3] (indexes IAEA0971/03, OECD/NEA Data Bank, and PSR-325, RSICC/ORNL-Oak Ridge). Further advance will be obtained by using the novel partial level-density formalism of the recent IAEA Reference Input Parameter Library [4]. Work on improved version of the corresponding computer code PLD [5,6] (catalogue id. ADIK, CPC Program Library, Belfast) is in progress too. A fruitful cooperation has been established in this respect between IFIN-HH and the EC/JRC/IRMM-Geel based on previous IFIN-HH results [7-11], within the framework of:

· Association EURATOM - NASTI-Romania (2000-2002),

· EC/JRC/IRMM PECO project “Neutron Data Measurement and Evaluation Activities”, and

· EC/FP5/INCO2 Support for Centres of Excellence (Contract ICA1-CT-2000-70023) WP12.

The last action was initiated and largely guided by EC/JRC/IRMM-Geel, leading finally to the only one successful atomic-physics proposal from EEC under the corresponding FP5 call.

[1] M. Avrigeanu, M. Ivascu, and V. Avrigeanu, Z. Phys. A 329 , 177 (1988); ibid. 335, 299 (1990).

[2] M. Avrigeanu, M. Ivascu, and V. Avrigeanu, Atomkernenergie-Kerntechnik 49, 133 (1987).

[3] M. Avrigeanu and V. Avrigeanu, STAPRE-H95 Computer Code, IPNE Report NP-86-1995.

[4] Handbook for calculations of nuclear reaction data. Reference Input Parameter Library, Report IAEA-TECDOC-1034, IAEA, Vienna, 1998.

[5] M. Avrigeanu and V. Avrigeanu, Comp. Phys. Comm. 112, 191 (1998).

[6] A. Harangozo, I. Stetcu, M. Avrigeanu, and V. Avrigeanu, Phys. Rev. C 58, 295 (1998).

[7] V. Avrigeanu et al., Phys. Rev. C 49, 2136 (1994); ibid. 52, 1765 (1995).

[8] M. Avrigeanu et al., Phys. Rev. C 54, 2538 (1996); ibid. 56, 1633 (1997).

[9] V. Avrigeanu, S. Sudár, Cs.M. Buczkó, J. Csikai, et al., Phys. Rev. C 60, 017602 (1999).

[10] M. Avrigeanu, G.S. Anagnostatos, A.N. Antonov, J. Giapitzakis, Phys. Rev. C 62, 017001(2000).
[11] M. Avrigeanu, A.N. Antonov, H. Lenske, and I. Stetcu, Nucl. Phys. A (in press).
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Isotopic processes

EFFECT OF DEUTERATION ON THE VIBRATIONAL SPECTRA OF ORGANIC MOLECULES

Ferenc Billes, Henrietta Endrédi, Balázs Várady

Department of Physical Chemistry, Budapest University of Technology and Economics, H-1521 Budapest, Budafoki út 8, Hungary

e-mail: billes.fkt@chem.bme.hu

The stable isotope substitution of organic compounds deforms their vibrational spectra. The modifications of the spectra appear as band shifts, changes in intensities and shapes of the bands. The magnitude of the effect depends

- on the ratio of the masses of the new and old isotopes and

- whether the atom is in active position (see later).

According to this mentioned reasons large effects can be observed only if hydrogen atoms are substituted. With the effect of the substitution we dealt already in our former lecture [1].

In this lecture we concentrate on the effect of the change hydrogen to deuterium. We investigate the changes both experimentally and theoretically. There are two possibilities:

- the hydrogen atom is in active position, its interaction with the environment is strong, either it can dissociate or move on the skeleton of the molecule (tautomerism, resonance) and it can build hydrogen bond, (e.g. it is connected to nitrogen and oxygen atoms), 

- the hydrogen atom is in an indifferent position in the molecule, its interaction with the environment is weak (e.g. it joins carbon atom).

When building the hydrogen bond besides the hydrogen donors also acceptors exist: mostly oxygen and nitrogen atoms having non-bonded electron pairs.

When comparing the experimental and theoretical (calculated) effects of this type of isotope changes one must take into account that the calculations refer to the isolated molecule while the experimental spectra characterize the compound.

The hydrogen bond is a very strong intermolecular interaction and produces tremendous changes in the infrared spectrum of the molecule in comparison to the imagined theoretical spectrum of the molecule. Some bands disappear, appear, or shift and deform drastically. The H(D change diminish these effects. Of course, these change causes the shift of several bands. The Raman spectrum is less sensitive to the large dipole moment changes therefore the deuteration effect is there less dramatic.

Deuteration of hydrogen atoms in indifferent position yield observable band shifts in both infrared and Raman spectra.

The investigated compounds contain for their most part NH [2,3] or OH groups [4].

1. F. Billes: The role of the isotopomers in the vibrational spectroscopy, PIM '99, Cluj, Book of Abstracts, p. 7. and Studia Universitatis Babes-Bolyai, Physics, Special Issue, 2000, 55-64.

2. Billes, F., Endrédi, H., Jalsovszky, G.: J. Mol. Structure (Theochem), 465, 157-172 (1999).

3. Billes, F., Endrédi, H., Keresztury, G.: J. Mol. Structure (Theochem), 530, 183-200 (2000).

4. Keresztury, G., Billes, F., Kubinyi, M., Sundius, T.: J. Phys. Chem., A102, 1371-1380 (1998).
ISOTOPE SEPARATION BY COMBINING ELECTROMIGRATION WITH CHEMICAL EXCHANGE

Ilie Hodor

National Institute for Research and Development of Isotopic and Molecular Technologies, 3400 Cluj-Napoca 5 Romania

It is developed an analytical study for a separation process defined as follows: 

A liquid solution is disposed in a column-type space. The isotopes of a certain element are present in several ion species and neutral molecules. Ion-ion and ion-molecule isotopic exchange takes place, the exchange being accompanied by isotopic effects. An electric field is applied along the column so that the ions migrate through solution, migration velocity being dependent on isotopic composition. The solution is moved along the column in such a way that the multiplication of the global separation effect is favoured.

Mathematical expressions are established for HETP, global separation effect, separation power density, and specific energy consumption. For example, when the element has two isotopes and they are present in two ion species, the global separation effect of isotopes 
[image: image13.wmf]e

 and the HETP h are given by the relations
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In these equations 
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e

 is isotope effect by chemical exchange, 
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e

 is isotope effect by electromigration (of ion species i), 
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u

 is the ion velocity with respect to solvent, 
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v

 is the ion velocity with respect to column, 
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 is the ion density, 
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 is the coefficient of ion diffusion, K is the velocity coefficient of isotopic exchange, and 
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EXTENDING THE APPLICATION AREA OF A TIME-OF-FLIGHT MASS SPECTROMETER TO DETECT FRAGMENTS RESULTING FROM MULTIPLY CHARGED ION COLLISIONS

Dana Dumitriu, D. Ioanoviciu1, C-tin Ciortea, N. Gligan1, Gh. Baciu

"Horea Hulubei" National Institute for Physics and Nuclear Engineering, P.O. Box Ro MG-6, Bucharest-Magurele, Romania

1National Institute for Research and Development of Isotopic and Molecular Technologies, P.O. Box 700, R-3400 Cluj-Napoca 5, Romania

The detection of the fragments of the fragments resulted from collisions of high energy multiply charged ions is connected with the extraction of the analysed charged particles from an increased volume. This implies some specific conditions concerning the time-focusing conditions. Therefore some modifications can be included in the design of the time-of-flight mass spectrometer constructed for fullerene ion detection, briefly described in Ref. 1. The ion source was adapted to accomodate the high energy ion beam. The structure of the ion extracting electrode system was redesigned with this purpose. Appropriate diameter opennings were provided to obtain the desired reacting gas throughput. The reflectron was adapted to the deeper analysed ion forming region. With this purpose the system was recalculated for second order focusing conditions. A solution was found accounting for the insertion of an additional grid in the former reflectron design. To obtain the best configuration, with a minimal modification of the field free spaces and ato locate the detector closely to its initial position a detailed ion optical study of the time focusing conditions was worked out. Based on the estimations concerning the interaction region sizes and knowing the new instrumental parameters the resolution of the time-of-flight mass spectrometer for multicharged ion collisions has been evaluated. Other possible improvements are outlined.

1. Dana Dumitriu, D. Ioanoviciu, C-tin Ciortea, Z. Szilagyi, Gh. Baciu, N. Gligan, Conference on Isotopic and Molecular Processes 23-25 September 1999 Cluj-Napoca.

EFFECT OF METAL-SUPPORT BOUNDARY ON THE ACTIVITY OF NICKEL CATALYSTS

P. Mărginean

National Institute for Research and Development of Isotopic and Molecular Technologies, P.O. Box 700, R-3400 Cluj-Napoca 5, Romania

Nickel catalysts are usually deposited on inorganic oxides in order to increase the dispersion of the active phase. For certain reactions the support can exert a significant enhancement on the catalytic activity of the metal. In this case it is supposed that at the metal-support boundary, new catalytic sites are created. The purpose of this work is to evidence by temperature programmed surface reaction (TPSR) of the adsorbed carbon monoxide, the influence exerted by different supports on the catalytic activity of nickel. The reactivity of CO depends on the catalytic activity of the sites on which it is adsorbed. At high H2/CO ratio the reaction product is methane. Nickel catalysts supported on MgO, Al2O3, Cr2O3, SiO2, TiO2, and ZrO2 , with different metal loading, have been prepared by coprecipitation method. The TPSR spectra were measured in a microflow reactor. First, the catalyst sample was reactivated in hydrogen flow, at 350 0C, after which CO was adsorbed at room temperature. For TPSR spectra the temperature was increased linearly (5 0C/min) and the rate of methanation was monitored by a flame ionisation detector. The peak temperature, Tmax, was taken as a measure of the reactivity of the surface. The results reveal the simultaneous presence of the catalytic sites characteristic for the surface of the nickel black (methane peak at higher temperature) and the catalytic sites created at the metal-support boundary (methane peak at lower temperature). All the supports increase the catalytic activity of nickel and this enhancement depends strongly on the nature of the support. It is suggested that this could be due to an increase in dissociation rate of CO at the metal-support frontier. The most active are the sites created by the interaction of nickel with titanium oxide, while those created at nickel-silica frontier are less active. The methane profiles reveal also carbon monoxide adsorption sites on the surface of Al2O3, Cr2O3 and TiO2.
APPLICATION OF CARBON ISOTOPE ANALYSES

IN FOOD TECHNOLOGY

Zsuzsa. Szántó, É. Svingor, I. Futó, L. Palcsu, M. Molnár

Inst. of Nucl. Res. of the Hung. Acad. of Sci., 4032 Debrecen, Bem tér 18/c., Hungary, aszanto@moon.atomki.hu

The vast economic size of the market for food offers great temptations for the production and sale of fraudulent products, adulterated products and synthetic products that are labeled as natural ones. Conventional techniques of chemical analyses have served the food industry well for many years but are limited in their ability to detect certain types of fraudulent or mislabeled products. The aversion to added sugar and the demand for “all natural” food products among consumers has led to a great deal of mislabeling on the part of food processors in order to achieve greater economic gain.

The nature of deceptions detectable by carbon SIRA in food technology falls into three broad categories. The most common is the adulteration of an expensive natural product, such as apple juice, with a much cheaper natural product such as cane sugar or high fructose corn syrup (HFCS). The second is outright falsification of a food. An example is maple syrup produced by simple addition of maple flavoring to a sugar syrup or HFCS. The third general category is the sale of synthetic materials as natural ones or the addition of synthetic materials to natural ones in order to increase the volume of the product. The procedure for using carbon SIRA in monitoring food products involves two stages. It must first be established that the product to be analyzed, or some specific component of it, has a particular isotopic composition that can be distinguished from that of the materials that might be used to adulterate it (1(. Potential adulterating components are then analyzed to establish their isotopic identity. The carbon SIRA method cannot, in general, be used to establish purity unequivocally but it can be used to establish impurity or adulteration with a high degree of success.

The overall process of carbon stable isotope ratio (SIRA) analyses consists of three stages: selection of the sample or the isolation of the particular compound to be analyzed, conversion of this compound into CO2 gas and the analyses of the CO2 by mass spectrometry.

CO2 was obtained by microcombustion (elemental analyzer NA1500NCS), trapped into an ampoule at liquid nitrogen temperature and measured on a McKinney-Nier type mass spectrometer developed in the INR-HAS (dual inlet system and triple ion collector)

The range of 13C values found in terrestrial plants varies from about –8 ‰ to about –35 ‰, depending on their photosynthetic mechanisms. There are three major photosynthetic pathways (different ways of fixing CO2): C3 (13C –22 ‰ to about –35 ‰), C4 (13C –8 ‰ to about –20 ‰) and CAM (spread throughout most of the ranges of values found for C3 and C4 plants) (2(. Most of the well-established carbon SIRA procedures, which have found application in food science, are related to the substantial isotopic difference between products formed by C3 or C4 photosynthesis.

The purpose of the paper is to present through some examples the practical applications of carbon isotope analyses in food industry.
(1( Bricout J., Koziet J., Ann. Falsif. Expert. Chim., 1975, 69, 245.

(2( Gregory R., Biochemistry of Photosynthesis, Wiley: Chichester, 1977, 52, 427-430.

ISOTOPIC INVESTIGATIONS OF THE WATERS FROM

THE MOVILE CAVE – MANGALIA AREA

Lucia Feurdean, Victor Feurdean

National Institute for Research and Development of Isotopic and Molecular Technologies, P.O. Box 700, R-3400 Cluj-Napoca 5, Romania

E-mail: luci@l40.itim-cj.ro

As a conservative tracer in carbonate rocks deuterium was used to determine the unelucidated problems of water origin in the Movile Cave-Mangalia, which is the unique ecosystem from the world based on chemoautotrophyc conditions.

According to the D values the water from Movile Cave is meteoric in origin but can be not originate from local site. The groundwater from neighboring area of cave has their recharge area at high altitude and a considerable distance. D values of waters samples present variations in time with a distinct seasonal effect, the seasonal D values are shifted with a half meteoric cycle vs. normal succession of seasonal maximum and minimum values.

Water seems to be originated from the Prebalkan Plateau situated in the south of Dobrogea. The study indicates that the intrusion of water in the karst occurs by conduit flow and the hydrostatic pressure and the geometry of conduit control the movement of the water. The cave and the Karaoban Lake is the discharge area of two main components of groundwater: the first is coming from southwest and has isotopic characteristic similar to lower altitude water (~500 m) and the second is moving from southeast and has the isotopic composition similar to high altitude water (>1000 m). The Movile Cave and Karaoban Lake are connected and the cave water discharge by overflow mechanism that offers to cave the isolation of atmosphere.

THE RADON IN THE ENVIRONMENT FROM ROMANIA

C. Cosma, D. Ristoiu, C. Baciu1

Babeş-Bolyai University, Faculty of Physics, 3400-Cluj-Napoca, Romania
1Babeş- Bolyai University, Faculty of Geology, 3400-Cluj-Napoca, Romania
The present paper aims to present the main aspects related to the problem of radon - a concern approached with great interest in the last 10-15 years by the scientific community. Though one of the first radioactive elements discovered and despite its implication in the irradiation of exposed population (especially the proof that most cases of lung cancer among workers in uranium mines derives from it), only lately have radon been studied intensively.

As an element with great mobility, impossible to fix through chemical reactions, and on the other hand being perpetually generated by radium sources in soil and building materials, radon is ubiquitous, therefor it is desirable to know more about one of the elements inextricably linked to our life. Radon in dwellings requires special attention because both individual and collective doses owing to radon and its descendants are higher than those deriving from any other sources. People spend more than eighty per cent of their time indoors, and more than fifty per cent of their irradiation from different sources is provoked by radon, In many country there are individual doses much higher than those accepted in professional exposure, as it is the case for certain regions in ex- Eastern Germany, where uranium mining led up to an extreme high level of radon in dwellings.

Besides its major contribution to exposure to radiation, very important is the fact than its target is very precise - the lungs, especially the bronchial epithelium. there is therefore an increased risk of lung cancer occurrence, assumed to be proportional with the exposure to higher concentrations in dwellings. A number of on-going studies try to estimate the risk factors. It was shown than radon is the second risk factor after smoking.

The exposure to radon in such cases should be amended through interventions and modifications of the dwellings and inhabitants’ behavior. The International Commission for Radiological Protection (ICPR) recommended certain levels of action and limits were established in many countries. Any national program concerning radon ought to consider three main aspects:

· to spot areas with increased radon potential at the country’s scale,

· to deal in these areas with systematic measurements on samples from the dwelling zone,

· to recommend measure to be taken for the reduction of radon level in dwellings and to establish additional precautions for future buildings.

Along with this very important aspect of radon studies, radon application in geophysics is another vast field of study. In this domain we mention only the fact than the problem of radon utilization to forecast earthquakes has been seriously considered lately.

This paper will present results obtained in our laboratory regarding the most important radon sources (soil an building materials) along with data about radon in water and indoor radon and its implications on radiological protection and geological aspects.

ASPECTS REGARDING COMPUTER CONTROL OF 15N SEPARATION PLANT

M. Kaucsar, V. Cosma, D. Axente, A. Baldea, H. Bendea, V. Bunea

National Institute for Research and Development of Isotopic and Molecular Technologies, P.O. Box 700, R-3400 Cluj-Napoca 5, Romania

In order to improve the efficiency of a separation plant the whole process must be automatically controlled. The computerized control system is imposed by the high complexity of the isotopic separation process. Regarding the separation plant from the point of view of the control engineering, the plant has one single useful output - the isotopic product. This output is characterized by a complex function, which involves qualitative (isotopic concentration) or/and quantitative (amount) properties of the product. There are two important inputs into the system: one is the amount of the substances and compounds, which supplies the plant, and the other is the electric power energy. Our first aim is to reduce to minimum the input/output ratio of the separation plant. On the other hand, applying this automatic control system we can reduce to minimum the operating personnel also.

The isotopic product is sampled and analyzed using a dedicated mass spectrometer. An overall closed loop through the separation plant including this mass spectrometer could be very efficient, but the theoretical analysis is too complex and it is very difficult to realize in practice. Therefore multiple local control loops are preferred to apply for each important and with product strongly correlated parameter. Between these parameters there are complex interdependencies, governed by differential equations.

The computer is equipped with standard input/output hardware, but in order to use it in the complex feedback loops, must be added extra input/output hardware – dedicated input/output module cards. Depending on the operating principle of the detectors and actuators the signals involved in the whole system are analog and digital. The majority of the sensors and transducers generate analog signals and only a few of them have digital output. The last case is typical for transducers specialized mainly for detecting the level of a parameter. Actuators also need analog or digital control signals, corresponding to their operating principles.

The computer control of isotopic plant has a great advantage being very flexible in implementing all adequate control software with operator friendly interfacing routines.

Different geometries for miniatural mass spectrometers

C. Cuna, B. Tuzson, D. Ioanoviciu

National Institute for Research and Development of Isotopic and Molecular Technologies, P.O. Box 700, R-3400 Cluj-Napoca 5, Romania

In theory any mass analyzer can be miniaturized, but some are better suited for miniaturization than others. Quadrupole, magnetic-sector, time-of-flight (TOF) and ion cyclotron resonance (ICR) mass analyzers are among those that could be miniaturized. The difference between a small mass spectrometer and a large mass spectrometer is that the large mass spectrometer can be designed to do many different measurements. With the smaller mass spectrometer, you must choose what you want to do.

In situ analysis normally combines the sampling and analysis and produces an analytical result almost instantly. This simplifies the sampling strategy. It also allows a flexible sampling strategy that adapts onto the knowledge gained from the last data point collected. Fast-response detection methods are highly desirable in cases where relatively short-lived species are to be examined. Mass spectrometry is a leading candidate to become a standard instrument in real-time atmospheric analysis.

Traditional environmental analysis is done by sampling the soil, air or water and transports it back to the laboratory for analysis. Other techniques extracted the analyte from the sample matrix (adsorption onto an adsorbent) followed by transport and laboratory analysis of this “representative”adsorbent.
For each type of mass analyzer, miniaturization sacrifices some aspect of performance. What do you give up? That’s why there’s an issue. Otherwise, mass spectrometers would have been small all along. Other things being equal, mass analyzers lose mass resolution and usable mass range as they shrink in size.

Three criteria for pursuing any design are:

1. acceptable performance for market application,

2. manufacturability, and
3. an appropriate communications interface.

Our goal is to use new design to reduce the cost and size of MS solutions such that the units become portable. We investigated different geometrical arrangements and also different analyzer types. These analyzers are being designed for applications that include on-site environmental monitoring and inspection, in-place emissions monitoring of exhaust stack gases. Therefore, it allows the rapid detection of hazardous chemical compounds in air, soil and water.

We will present the concept of a few mass analyzers which were specifically designed for the system’s small dimensions in such a way that they would be able to detect from 2 amu masses up to about ~100 amu - sufficient to identify atmospheric components and pollutants.

SYNTHESIS OF [1,3 - 15N2] URACIL

Maria Chiriac, Damian Axente
National Institute for Research and Development of Isotopic and Molecular Technologies, P.O. Box 700, R-3400 Cluj-Napoca 5, Romania

The synthesis of 15N labelled uracil,using CO(15NH2)2 as starting material,is presented. The experimental procedure is an adaptation of the synthesis methods for the corresponding unlabelled compounds. Urea-15N2 used as starting material was obtained from H15NO3 (99 at.% 15N) produced at National Institue for Research and Development of Isotopic and Molecular Technologies.The uracil structure was confirmed using mass spectrometry method and the isotopic label was determined by the same method on the molecular compound.

The synthesis of [ 1,3-15N2 ] uracil is presented in the next scheme:

                                                            Na2CO3
          KCN + Cl - CH2 - COOH––––––––(   NC - CH2 - COOH + KCl

                                                          40 - 50oC

NC - CH2 - COOH + 15NH2 - CO - 15NH2  ( 15NH2 - CO - 15NH - CO - CH2 - CN

                                                                           (1)

                              C6H4 - NH3Cl

  (1) + –––––––––––(  C6H4 -NH - CH = CH - CO - 15NH - CO - 15NH2
                               Raney Ni, H2                                                        (2)

                                                          Ethanolic HCl

( 2 ) + ––––––––––(  C6 H4 O2 15N2
         4oC                (3)


(1)  [1,3 - 15NH2] Cyanoacethylurea


(2)  [1,3 - 15N2] ( - Phenylaminoacryloylurea


(3)  [1,3 - 15N2] Uracil

CATALITYC REDUCTION OF ACETONITRILE TO ETHYLAMINE D7
Mihaela Lazăr, V. Almăşan, Andreea Gluhoi, Eva Ganea, P. Mărginean
National Institute for Research and Development of Isotopic and Molecular Technologies, P.O. Box 700, R-3400 Cluj-Napoca 5, Romania

Ethylamine is the second term of the aliphatic primary amine serie. Replacing the hydrogen atoms from molecule with deuterium atoms results a very useful molecule in deuterium labelled molecules synthesis.

Catalytic reduction of acetonitrile D3 with deuterium is providing ethylamine D7.

CD3CN + 2D2 = CD3CD2ND2
This paper has three parts:

1. synthesis of deuterated acetonitrile;

2. catalytic reduction of acetonitile;

3. choice of the appropriate catalyst for acetonitrile reduction.

1. Deuterated acetonitrile was obtained from natural acetonitrile and heavy water through H/D exchange reaction:

2CH3CN + 3D2O = 2CD3CN + 3H2O

This reaction is catalysed by OD‾,

2. From deuterated acetonitrile and D2 gas through reduction process was obtained deuterated ethylamine. Deuterium gas was provided by heavy water electrolysis. The reduction is a heterogeneous catalytic process. Deuterium and acetonitrile vapors were passed through a catalytic reactor and products were traped at liquid nitrogen temperature.

3. For reduction processes the most utilized are the Ni/support catalysts. The support nature is very important for catalyst activity and selectivity. The tested catalysts are:

· with high selectivity for monoethylamine: Ni/Cr2O3; Ni/Al2O3; Ni/MgO2;

· with medium and pour selectivity for monoethylamine: Ni/TiO2; Ni/ZnO2;

The most appropriate catalyst both for activity and selectivity is Ni/Cr2O3.

ENRICHMENT OF 13C BY CHEMICAL EXCHANGE BETWEEN CO2 AND AMINE CARBAMATE IN NONAQUEOUS SOLVENT

Paula Raica, D. Axente1
Technical University of Cluj-Napoca, Departament of Automation

15 C. Daicoviciu Str., 3400 Cluj-Napoca,Romania

E-mail:Paula.Raica@aut.utcluj.ro

1National Institute for Research and Development of Isotopic and Molecular Technologies, P.O. Box 700, R-3400 Cluj-Napoca 5, Romania

E-mail:axente@s6.itim-cj.ro

Enrichment of 13C by chemical exchange between CO2 and amine carbamate in nonaqueous solvent has been mathematically modelled in two ways.

The height equivalent to a theoretical plate and steady-state separation, based on two models, have been obtained. If only the isotopic exchange between CO2 gas and amine carbamate solution is considered, the model can estimate the process performance for pressures close to atmospheric one and room temperature. For process analysis at pressures higher than atmospheric one and lower temperatures, a two-step model has been used.

Using both models the effects of pressure increasing have been studied.
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HIGH-ORDER HARMONICS IN THE FEW-OPTICAL-CYCLE REGIME

C. Altucci, V. Toşa1, 2, C. de Lisio1, R. Bruzzese1, M. Nisoli3, E. Priori3, S. Stagira3, G. Cerullo3, S. De Silvestri3, P. Villoresi4, L. Poletto4, G. Tondello4

INFM Unità di Napoli-Dip. Di ChimicaUniversità della Basilicata, Potenza (Italy)

1INFM Unità di Napoli-Dip. Di Scienze Fisiche Università “Federico II” di Napoli (Italy)

2National Institute for Research and Development of Isotopic and Molecular Technologies, P.O. Box 700, R-3400 Cluj-Napoca 5, Romania

3INFM Unità di Milano- Dip. Di Fisica, Politecnico, Milano (Italy)

4INFM Unità di Padova-Laboratorio di Elettronica Quantistica, Università di Padova (Italy)

[image: image23.wmf]High-order harmonic generation process in Neon and Helium gas jets has been investigated in the few-optical-cycle regime, by means of a sub-10-fs Titanium-Sapphire laser (5 fs, 0.5 mJ/pulse). Harmonics of the fundamental laser beam, up to the 105th order, have been analyzed with high spectral and spatial resolution. The far field spatial profile of harmonics, measured by a XUV sensitive high-resolution CCD detector, strongly depends on both the spatial properties of the fundamental beam and the position, z, of the gas jet relative to laser focus(z=0 corresponding to the gas jet centred at focus). Typical harmonic spectra referring to different z values, obtained in neon for a laser peak intensity of (9(1014 Wcm-2 and a laser pulse duration of (7 fs, are shown in Fig.1. Interestingly, it is found that using fundamental beam with Bessel intensity profile allows one to significantly improve the spatial characteristics of the harmonic emission and therefore to raise the harmonic spectral brightness.

SOLITON SIGNATURE IN THE INFRARED SPECTRA OF NONLINEAR QUASI-ONEDIMENSIONAL MOLECULAR CRYSTALS

D. Grecu, Anca Vişinescu
Institute of Physics and Nuclear Engineering “Horia Hulubei”

Bucharest, Romania

e-mail: dgrecu@theor1.theory.nipne.ro
           avisin@theor1.theory.nipne.ro
Davydov’s soliton remains an attractive and possible mechanism for the energy transport in proteins. Discussed initially in the context of alpha-helix structure, it was applied later in several other situations [1]. An interesting system is the acetanilide (ACN), which has many features in common with other hydrogen bonded polypeptide structures. An unconventional amide I band was discovered in infrared and Raman spectra at low temperatures by Careri et al. [2], which was interpreted as a manifestation of the existence of solitons in this structure [3], [4]. The theory of the infrared spectra is reviewed, with emphasize on the resonant interaction between short waves (amide I excitations) and long waves (phonons), interaction responsible for the soliton generation. Comments on the thermal stability of Davydov’s solitons are also given.

1. A. Scott – Phys. Reports 217, 1 (1992).

2. G. Careri, U. Buontempo, F. Galluzzi, A.C. Scott, E. Gratton, E. Shyamsunder – Phys. Rev. B, 30, 4689 (1984).

3. J.C. Eilbeck, P.S. Lomdahl, A.C. Scott – Phys. Rev. B 30, 4703 (1984).

4. S. Takeno – Prog. Theor. Phys. 75, 1 (1986).

ULTRASOUND PROPAGATION THROUGH BIOLOGICAL TISSUES

Feride Severcan, Dorina Creangă1, Dana Dorohoi1

Middle East University, Department of Biological Sciences, Ankara, Turkey

1“Al.I. Cuza” University, Faculty of Physics, Iaşi, Romania

Important information about anatomic functionality of biological tissues, as well as the presence of the tumours or of the foreigh bodies can be obtained using physical parameters characterising the ultrasound propagation in the tissues.

The velocity, the absorption coefficient of ultrasound in biological tissues were measured using a pulse method. The pulse generator had a frequency of 103 Hz and the high frequency generator had a variable frequency in the range (1-4) MHz.Ceramic plates were used as generator and receiver of the ultrasounds.

The measured parameters were used to estimate the abiabatic compressibility and the internal pressure in the studied tissues.

X AND W ESR STUDIES OF TRANSITION METAL CLUSTERS ENCAPSULATED IN SANDWICH-TYPE POLYOXOMETALATES

O. Cozar, L. David, C. Crăciun, V. Chiş

Babeş-Bolyai University, Faculty of Physics,  3400 Cluj-Napoca, Romania
One of our research directions is the investigation of BiIII based sandwich-type heteropolyoxometalates incorporating clusters of three 3d transition metals. The great advantage of these complexes is the possibility to vary either the type of the metallic cluster (its structural topology and the nature of the transition metals) or the heteroatom. In this context, the series of sodium/potassium salts of the sandwich-type heteropolyanions [Mn+3(H2O)x(BiW9O33)2](18(3n)( (Mn+ = (VO)II, x = 0 (1) and Mn+ = CrIII (2), MnII (3), FeIII (4), CoII (5), NiII (6), CuII (7), x = 3) were investigated by X and W bands ESR spectroscopy in order to obtain information about the spin state of the metallic cluster and the type of the metal-metal coupling.

In the complex with vanadium(IV), the unpaired electrons are nearly trapped on the parent ions (gII = 1.899, g( = 1.974, (AII( = 184 G, (A(( = 69 G). The isotropic component observed in the X-band powder spectrum (giso = 1.974 and (Biso(p-p) = 500 G) is due to dipolar coupled vanadium ions.

In the case of the other clusters, the metallic coupling is based on the superexchange mechanism realized through the heteropolyxometalate frame. The geometry of the triangular cluster and the spin frustration favorise the antiferromagnetic interactions. By means of HF-EPR spectroscopy, the isotropic exchange constants were estimated for the CrIII (J = (4.116 cm(1) and MnII (J = (2.074 cm(1) clusters. The g tensor is isotropic for the CrIII, MnII and FeIII complexes (g ( 2.0), axial for the CuII cluster (gII = 2.080, g( = 2.237) and rhombic for the NiII complex (gx = 2.201, gy = 2.211, gz = 2.292). There is a rhombic anisotropy in the zero field splitting tensor of the clusters based on MnII (D = ​(0.381 cm(1, E = 0.054 cm(1 for S = 7/2) and NiII (D = 1.66 cm(1, E = 0.18 cm(1 for S = 1) ions. Two species with different degrees of the rhombical distortion have been identified in case of the FeIII (D1 = 1.5 cm(1, E1 = 0.12 cm(1 and D2 = 1.5 cm(1, E2 = 0.5 cm(1) and CoII (gx1 = 5.021, gy1 = 3.561, gz1 = 2.401 and gx2 = 5.776, gy2 = 3.813, gz2 = 2.850) samples.
COORDINATION OF URANIUM(IV) IONS TO MONOLACUNAR AND TRILACUNAR KEGGIN-TYPE HETEROPOLYOXOMETALATES. SPECTROSCOPIC AND MAGNETIC INVESTIGATION.

L. David, C. Crăciun, O. Cozar, D. Rusu1

Babeş-Bolyai University, Faculty of Physics, 3400 Cluj-Napoca, Romania
1Medical and Pharmaceutical University, Department Of Chemical-Physics, 3400 Cluj-Napoca, Romania
Uranium(IV) ions have the capacity to coordinate the lacunary heteropolyoxometalate units, which has applications in stocking the radioactive waste. In K12[U(BW11O39H)2](23H2O complex, the uranium ion links two monovacant Keggin units and exhibits a cubic configuration with the 3H4 ground multiplet. The magnetic moment (eff = 2.83 (B  confirms the +4 oxidation state of the uranium and the temperature independent paramagnetism (0=2.73(10-3 emu/mol  indicates a  lowest level (1.
 Four trivacant Keggin units are linked by two uranium ions in the K19[U2KAs4W40O140](42H2O polyoxotungstate. The IR spectrum of the complex contains the (as(U(O) (1133 cm(1 band due to the uranium coordination at {AsW9} units and WO6 binding octahedra. ESR spectrum of the complex shows a small orthorhombic distortion from the cubic symmetry around the UIV ions (gx = 2.045, gy = 2.050, gz = 2.085, D = 18.31(10(4 cm(1, E = 5.99(10(4 cm(1). The uranium ions are antiferromagnetically coupled for T > 200 K ((eff  = 1.3 (B at room temperature).

Trilacunary Keggin units accomodate three uranium(IV) ions in sandwich-type polyoxometalates: Nam[(UO)3(H2O)6(XW9O34)2](nH2O (1:  X = P,  m = 12,  n = 21; 2: X = Si, m = 14, n = 19; 3: X = Ge, m = 14, n = 17) and Nam[U3(XW9O33)2](nH2O (4:  X = As,  m = 6,  n = 15;  5: X = Bi,  m = 6,  n = 18; 6: X = Sb, m = 6, n = 16). The uranium(IV) coordination to the ligand changes the position and the shape of the (as(W(Ob,c(W), (as(W=Od) and (as(W(Oa) vibration bands in the 640(1000 cm(1 region of all complexes FT-IR spectra. The electronic ground state of the uranium ions is 3H4 as arises from the visible electronic bands. UV spectra of the uranium complexes obtained in aqueous solutions present broad bands for p((Od)(d(*(W) (45700(47300 cm(1) and p((Ob,c)(d(*(W) (38800(41600 cm(1) charge transfer transitions.

1H-NMR METHODOLOGY APPLIED TO ELUCIDATE THE ADDITION REACTION OF PYRIDINE AND IMIDAZOLE COMPOUNDS WITH (, ( - UNSATURATED CARBOXYLIC ACIDS
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A 1H–NMR study of the synthesis of betaines that result from addition of poly(4-vinylpyridine) and poly(N-vinylimidazole) with acrylic, methacrylic, crotonic, itaconic, fumaric, maleic and acetylendicarboxylic acids is presented.

The components of the reaction product for the reaction of poly(4-vinylpyridine) and acrylic acid carried out in deuterated methanol are given in the figure above showed. A reaction mechanism based on experimental observations and proved by kinetic analysis is proposed. In non-aqueous media it consists of two reactions: the addition, which involves two molecules of acid and leads to X( B( - like structures, where the cation X( results from the addition of the amino nitrogen to the double bond of acid, and an equilibrium reaction between X( B( and the betaine structure X(. The addition rate constant and the equilibrium constant were also determined for processes performed in methanol.

ADSORPTION ON SILVER SURFACE OF 5-(3-NITRO-4-METHYL-PHENYL) –FURAN-2 CARBALDEHIDE STUDIED BY RAMAN SPECTROSCOPY

T. Iliescu, F. D. Irimie1, M. Bolboacă2, Cs. Paizs1, W. Kiefer2
Babes-Bolyai University, Phisics Faculty, Cluj-Napoca, Romania

1Babes-Bolyai University, Chemistry Faculty, Cluj-Napoca, Romania

2Institut für Physicalische Chemie, Universität Würzburg. D-97074. Würzburg, Germany

Surface–Enhanced Raman Scattering (SERS) has already been observed for many molecular species. Because of suppression of the fluorescence, this technique is very useful for molecules that present this phenomenon, especially for molecules of biological interest.

Furan-2 carbaldehide derivatives are very important intermediates in organic synthesis. The bacteriostatic effects of these compounds were checked up with good results.

In this study, we perform the investigation of 5-(3-nitro-4-methyl-phenyl)-furan-2 carbaldehide from analytical (IR, FT-Raman spectroscopy) and theoretical (DFT calculations) point of view. A vibrational analysis was made by comparing the experimental data with theoretical vibrational frequencies for the two rotational isomers of the compound. We recorded SER spectra of this specie adsorbed on silver particles at different pH values in order to elucidate the form in which the adsorbed molecules may exist in adsorbed state. At low pH values a good SER spectra was obtained. At alkaline pH values SER spectra present a weak and broad bands. This spectral modification can be explained by the existence of many molecular species, at basic pH values, according to Cannizzaro reaction. Also in the presence of hydroxyl radical a dimerization of the sample can occur. Thus the adsorption study was made in acid solution. The red shift of the SERS bands by 10-15 cm-1 is an indication of chemisorption of this specie, which is bonded to the silver surface via nonbonding electrons of ring or substituent oxygens.

MAGNETIC AND SPECTROSCOPIC PROPERTIES OF SOME GLASSES CONTAINING RARE EARTH IONS WITH APPLICATIONS IN TELECOMMUNICATIONS

Eugen Culea, Lidia Gog 
Technical University of Cluj-Napoca, Physics. Dept., Str. C. Daicoviciu nr. 15, 3400 Cluj-Napoca, Romania

Glasses containing rare earth (RE) ions are of great importance due to their applications in telecommunications. Such glasses present important spectroscopic and magnetic properties and are essential to obtain the main elements of the equipment used in telecommunications (lasers, amplifiers, and optical fibers).

One of the most important requirements concerning the laser active elements is to contain a high level of RE ions in order to ensure a high level of the laser power. However, the increase of the RE ion concentration is limited by the clustering tendency of these ions, which occurs at relatively low concentration. To follow the evolution of the clustering mechanism with respect to the RE ion concentration and (ii) the possible anticlustering effects of some additives (Al2O3, PbO) we studied some borate glasses containing different RE ions (Gd, Eu, Nd, Ce and Ho) and additives using magnetic susceptibility measurements. Magnetic data indicate that the clustering process of the RE ions is influenced by the presence of additives and by other factors such as the thermal history of the samples.

Scaling and nonstationarity in the structure of proteins

V.V. Morariu
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P.O. Box 700, R-3400 Cluj-Napoca 5, Romania
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Investigation of the fractal properties of protein structure included various aspects such as polymers as mass fractals, fractal dimension of protein backbone, scaling properties of protein surfaces.

The object of investigation of this work is the protein dynamics at atomic level. As a result of the thermal motion, the atoms undertake vibrations around the equilibrium position. This can be characterized by the temperature factor Tf which is obtained from the X ray difraction of the protein crystal. The data usually refer to all atoms excepting the hydrogen atoms and were downloaded from Protein Data Bank. These spatial series can be analysed by various methods in order to reveal the kind of order which the proteins have. A Fast Fourier Transform of such series revealed typical 1/f spectra. However the spectral scaling exponents ( obtained from the slope of the double logarithmic plots of the power spectra are misleading when the original series of data represent a nonstationary process. This can be avoided by performing the Detrended Fluctuation Analysis (DFA) which removes nonstationarities and results in a scaling exponent ( which is related to a theoretical ( exponent as (=2(-1. A value of (=0.5 corresponds to a random series while values >0.5 and <2 represent fractal series.

We have started for the first time a DFA on the protein temperature factors. Among the first analysed proteins were the human haemoglobin, mutant haemoglobin, actin and myosin. A DFA plot of a protein represents roughly a line with a positive slope. The value of the slope is the scaling exponent (. The line may in fact have slightly different slopes which we found to vary between 0.9 and 1. Most of the analysed chains or whole proteins have scaling exponents around 1. However we found some chains which have ( values of 3/4 or 5/4.

The main outcome of these preliminary results is that the series of temperatue factors have a fractal characteristics which is close to one. In other words this is similar to the 1/f noise in time series. While 1/f noise is universal it may have various possible mechanisms. Among the most recent models, the fractal spatial structures which have scaling exponents of 1/4, or multiples of 1/4, represent optimized systems in respect to their basic functions. Although more proof have to be gathered by analysing more proteins, we hypothesise that such an optimization is also operative in structures like proteins. They represent, in fact highly specialized structures which developed as a result of evolution.
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SPECTROSCOPIC INVESTIGATION OF THE ELECTRON DELOCALIZATION AND MOLECULAR CONFORMATIONAL CHANGES IN POLYPYRROLE INDUCED BY DIFFERENT DOPING IONS
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We report a comparative study of the optical properties of polypyrrole (PPY) synthesized by two methods: electrochemical and chemical oxidation of the monomer (pyrrole) in the presence of different doping ions (p-toluensulfonate, dodecylsulfate, dodecylbenzenesulfonate, perchlorate, tetrafluoroborate). By using FTIR, UV-Vis and Raman spectroscopy we investigated the changes of the molecular and electronic structure of polypyrrole induced by the preparation conditions. Our main goal was to find out the relevant synthesis parameters, which have a strong influence on the electron delocalization length and the molecular architecture of polypyrrole.

FTIR reflectance spectra of the electrochemically prepared PPY films are sensitive to some electrochemical parameters like: nature of the electrolyte, the polymerization current density, and the deposition time. A contribution of the sample surface morphology to the reflectance spectra is considered. The behavior of the reflectance for doped polypyrrole is metal-like, but the spectral dependence of the optical conductivity, deviates from the Drude metallic behavior. The main part of charge carriers in polypyrrole is localized due to the structural disorder.

Chemically prepared polypyrrole doped with large-size doping ions like dodecylbenzenesulfonate (DBS) is partially soluble in some organic solvents like chloroform an m-cresol. Polymer-solvent interactions results in different chain conformations that are responsible for the changes in the absorption spectra of PPY(DBS). In order to study the effects of intermolecular interactions on the optical properties of polypyrrole we performed UV-Vis transmission measurements under high pressures up to 3270 bar.

INVESTIGATION OF THE SUPPORTED NICKEL CATALYSTS BY XAS AND XRD, USING SYNCHROTRON RADIATION
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In the first part of the paper we present a study based on EXAFS spectroscopy. This method can yield structural information about the local environment around a specific atomic constituent in the amorphous materials, the location and chemical state of any catalytic atom on any support or point defect structures, in alloys and composite. EXAFS is a specific technique of the scattering of X-ray on materials. The present study is aimed toward elucidation the local structure of Ni atoms and their interaction with oxide support [1]. In this case we analyse the first three shells of coordination. The second deal of the paper consists in X-ray diffraction on the same samples. X-ray diffraction method which is capable to determine average particle size, microstrains, probability of faults as well as particle size distribution function of supported Ni catalysts is presented. The method is based on the Fourier analysis of X-Ray diffraction profiles such as (111) (200) and (220). We are going to elaborate a chemisorbtion model by the correlation of the local and global structure connected with the specific surface. On the other hand we will try to estimate specific surface values determined by classical method [2] with occupation factor evaluated by the geometrical Ni clusters. The results obtained on supported nickel catalysts which are used in H/D isotopic exchange reactions are reported. The global structure is obtained with a new fitting method based on the Generalised Fermi Function facilities for approximation and Fourier transform of the experimental X-Ray line profiles [3, 4, 5]. Both types of measurements were performed on Beijing Synchrotron Radiation Facilities (BSRF).
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ISOMERIC STRUCTURE OF THE BIOSYNTHESISED LIPIDS
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The aim of the present work is to use the GC/MS technique for the structural characterisation of the wool wax lipids.

The wool wax, known as lanolin, is a complex mixture of high molecular weight biosynthesised lipidic compounds. It is an important ingredient for the manufacture of cosmetics, toiletries and pharmaceutical1. Chemically it is a mixture of aliphatic and steroidal esters as well as fatty acids, fatty alchols and sterols. Lanolin is an important ingredient for the manufacture of cosmetics, toiletries and pharmaceutical. The specific use can be performed only by the study of the individual classes of its components.

The relative concentration of the alchohols, acids and esters are controlled by the thermodynamics of hydrolysis mechanism operating whiles the wool wax is still spread on the sheep fleece2. The composition of the commercial product depends also strongly of the extraction method.

The lanolin alcohols comprise three major chemical groups: aliphatic alcohols, sterols (cholesterol and dihydrocholesterol), and trimethyl sterols (lanosterol, dihydrolanosterol, agnosterol and dihydroagnosterol known also as triterpenoids). The aliphatic series consist of normal, iso and anteiso isomers. The iso series have an isopropyl terminal group, the anteiso have a secondary butyl terminal group. The dihydric alcohols are a series of 1,2- diols which also can be iso, anteiso and normal isomers.

The lanolin acids are similarly made up of four types: normal, iso, anteiso and hydroxy acids.

The product of all lanolin acids and alcohols represents the theoretical maximum number of mono-esters (more than 10,000)3, assuming complete random combination and no preferential esterification in the bio-synthesis process.

We developed a High-Temperature Capillary Gas-Chromatography-Mass Spectrometry (HT-GC/MS) method for the structural determination of the following group of compounds:

1) Aliphatic and sterol compounds: fatty acids, fatty alcohols, hydroxyacids, hydroxyalcohols and sterols;

2) Aliphatic and steryl esters with the basic structure: H(CH2)m-1 -C(O)O-R (m=14-28, iso-, anteiso- and normal-chain) and R of the following structure: alkyl (n=14-28), Cholesteryl (n=27), Lanosteryl (n=30), Hydroxycholesteryl (n=27), Dihydrolanosteryl (n=30) and Agnosteryl (n=30).

The compound structure was elucidated by using the EI4 mass spectral information obtained by GC/MS.
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Fig.1: Harmonic spectra in Neon generated by 7-fs excitation pulses for (a) z=-1 mm, (b) z=0 mm, and (c) z=3 mm. The vertical direction shows the spatial profile, while the horizontal axis refers to spectrum.
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