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A-PL1

the stability of the resulting atom:electron contact pairs, and the fact that back ET from
solvent-separated atom:electron pairs occurs slowly because it is in the Marcus inverted
regime. Our picture as to how the electron transfer proceeds in this model system is

summarized in Figure 1.

Our detailed characterization of the ET process in the Na~ system also has allowed us
to use a sequence of femtosecond laser pulses to control the reaction. We can select the
distance at which the electron localizes from its Na atom partner (either in an immediate or
solvent-separated contact pair) by proper choice of the excitation wavelength used to eject the
electron. Once ejected, the electrons in these contact pairs undergo a spontaneous back ET
reaction to regenerate the parent Na~. By exciting the electron near 2000 nm immediately
after it is ejected, we can alter the course of the ET reaction. We find that when the 2000-nm
pulse is applied to electrons in immediate contact pairs, the back ET process is shut off. This
is because the delocalization of the electron's wavefunction that occurs upon 2000-nm
excitation increases the probability to find the electron outside the immediate solvent cavity,
where it can no longer undergo rapid back electron transfer. In a similar experiment in which
the 2000-nm pulse is applied some time after the electron is ejected, all the electrons in
immediate contact pairs have recombined into sodium anions, so the only electrons left to
absorb the 2000-nm light are in solvent-separated contact pairs. Delocalizing the electronic
wavefunction in the solvent-separated pair gives some probability to increase the electron
density in the adjacent cavity that contains the sodium atom, enhancing the rate of the back
ET. There is also some probability that the excited electrons can localize even further from
the Na atom, so that the 2000-nm pulse both enhances and hinders the back electron transfer
reaction. With a careful analysis of the data, we have been able to unravel exactly how far the
electron moves when excited at 2000 nm, allowing us to manipulate the electron-sodium atom
distance at any time during the back electron transfer reaction that we choose. This represents
a degree of optical control over electron transfer reaction dynamics that has yet to be achieved
for the nuclear degrees of freedom in photodissociation reactions. [See Science 293, 462-5
(2001); JACS 124, 7622 (2002)]
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B-PL1

Modulat Materials Synthesis: From structure to function

Dirk G. Kurth

Max Planck Institute of Colloids and Interfaces, D-14424 Potsdam
E-mail: kurth@mpikg-golm.mpg.de
Versatile methodologies are presented to combine, position, and orient functional metallo-
supramolecular modules in well-defined hierarchical architectures based on
metallosupramolecular polyelectrolytes and polyoxometalate clusters as functional and
amphiphiles as structural components, respectively. Multi-component sequential self-
assembly is employed in systematic ways to assemble the materials. The modularity of this
approach provides extensive control of structure and function from molecular to macroscopic
length scales. Structure-property relationships of these functional supramolecular materials
are discussed. Results from self-assembled nanostructures, thin films, liquid crystalline
phases, as well as mesophase will be presented. In particular, electro- and photochromic as
well as catalytic properties are implemented into the final device architecture. In addition,
methods are developed to assemble, manipulate, and characterize well-defined nanostructures

at surface.

Recent Publications:

D. G. Kurth, P. Lehmann, M. Schiitte Proc. Natl. Acad. Sci. U. S. A. 97 (2000) 5704.

D. G. Kurth, N. Severin. J. P. Rabe Angew. Chem. 114 (2002) 3833.

D. G. Kurth, A. Meister, A. Thilnemann, G. Forster Langmuir 19 (2003) 4055-4057.

S. Liu, D. G. Kurth, B. Bredenkétter, D. Volkmer J. Am. Chem. Soc. 124 (2002) 12279-
12287. D. Volkmer, B. Bredenkdétter, J. Tellenbroker, P. Kégerler, D. G. Kurth, P. Lehmann,
H. Schnablegger, D. Schwahn, M. Piepenbrink, B. Krebs J. Am. Chem. Soc., 124 (2002)
10489-10496.
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C-PL1

Acid-Base Properties of Purines and the Effect of Metal Ions
Helmut Sigel

University of Basel, Department of Chemistry, Inorganic Chemistry,
Spitalstrasse 51, CH-4056 Basel, Switzerland. E-mail: Helmut Sigel@unibas.ch

The predominant tautomeric structures of the common purine nucleobases and their proton
binding sites have been established about five decades agol and (macro) acidity constants for

the release of protons in aqueous solution are known.!-3

However, the insight that the
intrinsic proton affinities, as quantified by so-called micro acidity constants, are needed to
understand the chemistry of nucleobases, e.g., their metal ion-binding properties, is of much
newer date. ]

Since the basicities of the ring nitrogens of N9-substituted purines decrease in the order
NI > N7 > N3,4 the acidity, e.g., of (N7)H" in an adenine residue can only be measured
under conditions where N1 also carries a proton and of course, the positive charge at (NDH'
facilitates the deprotonation of (N7)H™. Clearly, for sophisticated comparisons one would like

adenine to know the (micro) acidity constant of (N7)H+ under conditions where

residue N1 is free. Such micro acidity constants can only be derived by indirect

NH2
N—<7 I s 6\1N procedu.res, e.g., by methylat'ion +of cert-ain sites;4. they allow the
g s 3 )\H conclusion, e.g., for H(adenosine) PkNZI-%]LNl being 2.2, that the
R/ ratio [N7-N1-H]/[H-N7-N1] equals 25:1 in aq. solution.

Among other systems, the acidifying properties of N7-coordinated
divalent metal ions on the corresponding (N1)H sites in several guanine derivatives have been
studied. The acidification of N7-bound M2+ on (NI)H decreases in the following series:
Cu?* (A pK, =2.2 £0.3) > NiZ* (1.7 £0.15) > P2+ (1.4  0.1) = Pd%* (1.4). Furthermore, it
can be shown5 that, e.g., the acidifying effect of Pt(II) at NI on (N7)H is reciprocal and
equals the effect of N7-coordinated Pt(II) on (N1)H.

Supported by the Swiss Nat. Sci. Found. and the Swiss Fed. Off. for Educ. & Science (COST
D20).

(1) Martin, R. B., Acc. Chem. Res. 1985, 18, 32-38; Met. Ions Biol. Syst. 1996, 32, 61-89.

(2) Sigel, H.; Lippert, B., Pure Appl. Chem. 1998, 70, 845-854.

(3) Sigel, H.; Song, B., Met. Ions Biol. Syst. 1996, 32, 135-205.

(4) Kampf, G.; Kapinos, L. E.; Griesser, R.; Lippert, B.; Sigel, H., J. Chem. Soc., Perkin
Trans. 2 2002,1320-1327.

(5) Griesser, R.; Kampf, G.; Kapinos, L. E.; Komeda, S.; Lippert, B.; Reedijk, J.; Sigel, H.,
Inorg. Chem. 2003, 42, 32-41.
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F-PL1

Molecular Simulation and Modeling of Water and Aqueous Solutions in

Bulk and at Interfaces

Peter T. Cummings
Department of Chemical Engineering
Vanderbilt University
and
Director, Nanomaterials Theory Institute

Chemical Sciences Division
Oak Ridge National Laboratory

Abstract

For two decades, our group has been involved in (largely theoretical) research on water and
auqueous solutions. In this talk, we will review our simulation and theoretical research on
water and aqueous solutions, both in bulk and at interfaces (particularly metal oxide
interfaces). Topics include the development of intermolecular potentials for water, ion
pairing in supercritical water, the electrical double layer at the 110 surface of rutile, and water

nanoconfined between mica surfaces.
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G-PL1

Solvatochromic Dyes as Empirical Indicators of Solvent Polarity

Some New Findings

Christian Reichardt
Department of Chemistry, Philipps University,
Hans-Meerwein—Strasse, D-35032 Marburg, Germany
Reichardt-Marburg@t-online. de

The extraordinarily large negative solvatochromism of4-(2,4,6-triphenylpyridmium-1-y1)-2,6-
diphenylphenolate, la, has been used to establish UV/Vis spectroscopically an empirical scale
of solvent polarity, called Er(30) resp. Er" scale.! Er(30) values are available for a great
variety of pure solvents, binary and ternary solvent mixtures, microheterogeneous and
polymer solutions, as well as for various kinds of surfaces."? Without changing the basic
zwitterionic chromophore with its long-wavelength solvent-dependent intramolecuar charge-
transfer absorption, the five peripheral phenyl groups of the standard betaine dye la can be
replaced by other groups (i.e. substituted phenyl, 2-, 3-, and 4-pyridyl, etc.) in order to adapt
this highly solvatochromic indicator dye to a great variety of further useful applications, all

using its high sensitivity to small changes in its surroundings.>

R In this report, syntheses, solvatochromic properties,

and some practical applications of these pyridinium N-

~ phenolate betaine dyes in various fields of interest,

R \[G:j) R particularly in solution and analytical chemistry,"® will

be reviewed. Their thermochromism, piezochromism,

halochromism, and chiro-solvatochromism will be also

R R shortly mentioned.

Olg

R = phenyl, substituted phenyl,
pyridyl, and others; all five R = phenyl — la

(1) Reichardt.C., Chem. Rev. 1994, 94, 2319; Reichardt, C., Solvents and Solvent Effects in
Organic Chemistry. 34ed., Wiley-VCH, Weinheim, 2002, Chapter 7, p. 389ff.

(2) Macquame, D. J,, et al., New J. Chem. 1999, 23, 725.

(3) Reichardt, C.; Che, D.; Heckenkemper, G.; Schafer, G., Eur. J. Org. Chem. 2001, 2343.
(4) Reichardt, C.; Eschner, M.; Schafer, G., J. Phys. Org. Chem. 2001, 14, 737.

(5) Reichardt, C.; Rochling, A.; Schafer, G., J. Phys. Org. Chem. 2003, 16, in press.

(6) Dorsey, J. G., et al.. Anal. Lett. 1986, 19, 939.
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A-I1

Electronic tuning of the lability of inert metal complexes

Rudi van Eldik

Institute for Inorganic Chemistry, University of Erlangen-Niirnberg, Egerlandstr. 1,

91058 Erlangen, Germany. E-mail: vaneldik@ chemie.uni-erlangen.de

The lability of inert metal complexes of Co(III) and Pt(II) can be systematically tuned through
the variation of o-donor and wt-acceptor effects introduced by the spectator ligands. In the case
of Co(III) complexes the substitution behaviour is largely affected by the presence of a single
metal-carbon bond as found in co-enzyme Bj». In recent years, we have undertaken systematic
mechanistic studies of the effect of a single metal-carbon bond on the substitution behaviour
and lability of vitamin Bj;, modified vitamin Bjs, as well as model Co(IlI) complexes, in

order to unravel the fascinating influence of such a metal-carbon bond.'*

The associative substitution behaviour of inert Pt(II) complexes can also be tuned by a
combination of o-donor and m-acceptor effects.® We have undertaken detailed studies where
these effects are varied in a systematic way, by first considering the influence of m-acceptor
effects and then the combination of ¢-donor and n-acceptor effects.>® A detailed account and

overall mechanistic picture for these substitution processes will be presented.

The ability to tune the lability, and therefore the reactivity, of inert metal complexes is of
potential significance for the application of such complexes in biological and catalytic

processes. A general outlook will be presented.

[1] M.S.A. Hamza, X. Zou, K.L. Brown, R, van Eldik, Inorg. Chem. 2001, 40, 5440.

[2] M.S.A. Hamza, R. van Eldik, P.L.S. Harper, J.M. Pratt, E.A. Betterton, Eur. J. Inorg. Chem. 2002,
580.

[3] M.S.A. Hamza, X. Zou, K.L. Brown, R. van Eldik, JCS Dalton 2002, 5832.

[4] M.S.A. Hamza, A.G. Cregan, N.E. Brasch, R. van Eldik, JCS Dalton 2003, 596.

[5] A. Hofmann, D. Jaganyi, O.Q. Munro, G. Liehr, R. van Eldik, Inorg. Chem., 2003, 42, 1688.

[6] A. Hofmann, L. Dahlenburg, R. van Eldik, Inorg. Chem., submitted for publication.
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A-12

Metastable Complexes with Pt-T1 Bond in Solution:
Structure, Equilibria, and Dynamics

Julius Glaser®, Mikhail Maliarik*, Imre Téth*

*Department of Chemistry, Royal Institute of Technology (KTH), 100 44 Stockholm, Sweden,
julius@kth.se; * IFM-Department of Chemistry, Linkiping University, 581 83 Linkdping,
Sweden, misha@ifin.liu.se; * Department of Inorganic and Analytical Chemistry, Debrecen
University, H-4010 Debrecen, Hungary, imretoth@delfin.klte.hu

A new family of heteronuclear cyano compounds incorporating transition (Pt) and
main group (TI) metals bound with a non-buttressed Pt-Tl bond was synthesised in aqueous
solution. The metal-metal linkage is formed in the reaction between platinum and thallium in
their stable oxidation forms, Pt(II) and TI(III), or vice versa: Pt(IV) and TI(I). Four binuclear
complexes with a general composition [(CN)sPt-TI(CN),(aq)]™ (n = 0-3) and a trinuclear
species [(NC)sPt-TI-Pt(CN)s]* were identified and structurally characterised in solution by
multinuclear NMR, EXAFS and vibrational spectroscopy.'? The complexes exist in
equilibrium in solution.?

The compounds are capable to undergo a photoinduced electron transfer between the
coupled hetero-metal ions. Upon irradiation into the metal-to-metal charge transfer (MMCT)
absorption band, effective photoredox reaction takes place. It results in scission of the Pt-TI
bond and formation of various complexes of oxidised platinum (Pt(IIl, IV)) and reduced
thallium (TI(I)).

The heteronuclear Pt-T1 cyano compounds can be further modified in terms of their
stability, solubility, and light absorption characteristics. It has been found that the platinum
pentacyano unit of the species is inert towards the tested ligands, whereas the thallium “part”
of the complexes can be tuned significantly. Apart from water, dimethylsulphoxide has been
found to be a suitable solvent for the Pt-T1 bonded cyanide compounds. Solvatochromism of
the MMCT and electron transfer in the complexes have been also studied.

1. Maliarik, M.; Berg, K.; Glaser, J.; Sandstrém, M.; Téth, L Inorg. Chem. 1998, 37, 2910-
2919;

2. Jalilehvand, F.; Maliarik, M.; Sandstrém, M.; Mink, J.; Persson, L.; Persson, P.; Téth, I;
Glaser, J. Inorg. Chem. 2001, 41, 3889-3899;

3. Maliarik, M.; Glaser, J.; Téth, I.; Webba da Silva, M.; Zékany, L. Eur. J. Inorg. Chem.
1998, 565-570.
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A-I3

Standard Partial Molar Volumes of Ions in Solvents
Yizhak Marcus

Department of Inorganic Chemistry, The Hebrew University of Jerusalem, Jerusalem 91904,
Israel. E-mail: ymarcus @vms.huji.ac.il

The standard partial molar volumes of many electrolytes, mainly uni-univalent, in various
solvents are known [1]. These can be separated into the ionic values by accepted assumptions.
These values consist of the sum of the intrinsic volume, the (negative) electrostriction, and
any solvent structural effects. Intrinsic volumes of ions were recently published [2]. The
electrostriction for an ion (i) in a solvent (s) can be calculated from the pressure dependence
of the relative permittivity, according to the Benson & Copeland [3] expression:
Vei(i,s) = (Navz(i)’e*/8ren)e(s) ™ (i) [9Ine(s)/aP] 1
The more elaborate shell-by-shell calculation according to Marcus and Hefter [4] may provide

more accurate values, using consecutive j values:
Va(i,s, M&H) = BT Nav&)ZIr()’ - rG-1’ N p)(@nedP)r - il + xr}EG):

For hydrogen bonding solvents: water, MeOH, EtOH, EG, FA, NMF, and NMA, and for
dipolar aprotic solvents, such as acetone, PC, MeNO,, MeCN, DMF, and DMSO, the
calculated values agree well with the experimental ones without requiring a structural term.
The shell-by-shell calculation appears to be the more accurate one for cations but the simpler
one is better for the anions if the electrostriction is appreciable. For very large (hydrophobic)
ions a structural term is required, fitted with group contributions, but cannot as yet be
independently estimated.

1. Y. Marcus, G.T. Hefter, and T.S. Pang, unpublished compilation.

2. Y. Marcus, H.D.B. Jenkins, and L. Glasser, J. Chem. Soc., Dalton Trans., 2002, 3795.
3. S.W. Benson and C.S. Copeland, J. Phys. Chem., 1963, 65, 1194.

4. Y. Marcus and G.T. Hefter, J. Solution Chem., 1999, 28, 575.
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A-I4

Studies of Anion Solvation in Polar Aprotic Solvents

W. Ronald Fawcett” and Dmytro Verbovy
Department of Chemistry, University of California, Davis, CA 95616, USA
Imre Bako and Gabor Palinkas
Central Research Center, Hungarian Academy of Sciences, Pusztaszeri ut 59/67, H-1025

Budapest, Hungary

Electrolyte solvation in polar aprotic solvents is to a large extent determined by
solvation of the anion. The majority of electrolytes which are soluble in these liquids involve
polyatomic anions with a mononegative
charge, such as perchlorate and tetrafluoroborate. However, electrolytes with monoatamic
anions such as the larger halides (bromide and iodide) are also soluble in solvents with higher
permittivities. In this connection we have studied the effects of LiBr and Lil on the FTIR
spectra of acetonitrile (AcN) and dimethylsulfoxide (DMSO). Earlier work' showed that the
perchlorate anion has a small effect on the -C=N stretching frequency in AcN.

In this paper the effects of the anions on the band associated with the polar group in
AcN and DMSO is described and discussed. The effects of the anions on the CH; groups is
also described. Ab initio quantum chemical calculations carried out as part of this study are
presented. These results help with the interpretation of the infrared data and give a detailed

picture of anion solvation in these solvents.

* Presenting author
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A-IS

Electrolyte conductivity from infinite dilution to saturation in protic,

aprotic and low dc solvents.
J. Barthel, H. Krienke and R. Neueder

Institut fiir Physikalische und Theoretische Chemie, Universitiit Regensburg,

93040 Regensburg, Germany

Representative electrotyte solutions of all solvent classes are studied from infinite dilution to
saturation by the use of low concentration chemical models and AMSA. The co-operation of
the models reproduces satisfactorily for technical use the experimental conductivity curves
over the whole concentration range and at various temperatures. Limiting conductivities,
association constants, distance parameters and the maxima of specific conductivities are basic

information for pure and applied solution chemistry.

J. M. G. Barthel, H. Krienke, W. Kunz, Physical Chemistry of Electrolyte Solutions,

Steinkopff/Springer, Darmstadt/New York 1998.

J. Barthel, H. Krienke, R. Neueder, M. Holovko, Fluid Phase Equilibria, 194-197 (2002) 107-

122.

A.Chhih, P: Turg, O. Bernard, J. Barthel, L. Blum, Ber. Bunsenges. Phys. Chem. 98 (1994)

1516-1525.

- J. Barthel, R: Neueder et al. Electrolyte Data Collection in DECHENIA Chemistry Data
Series (ed. G. Kreysa) Vol. X11, Parts 1-1 h, DECHEMA, Frankfurt 1992 - 2003

(to be continued).
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A-I6

The Influence of Short Strong Hydrogen Bonding in Alkyl-N-iminodiacetic
Acids on Structure, Physico-Chemical Properties and Complex Formation
Ability

Leif Higgman, Cecilia Lindblad, Ann-Sofi Ullstrém and Ingmar Persson

3 Department of Chemistry, Swedish University of Agricultural Sciences, Box 7015,
SE-750 07 Uppsala, Sweden; E-mail address: Ingmar.Persson@kemi.slu.se

Alkyl-N-iminodiacetic acids with varying alkyl chain length have been prepared and
characterized with respect to structure, acidic properties and ability to form aggregates in

1

water.” The solid alkyl-N-iminodiacetic acids have a unique structure with neutral

zwitterionic units linked together into polymer chains through short strong hydrogen bonds,
d(O(-H)-+-O) = 2.46 L., and where the v(O-H) stretching vibration at ca. 720 cm'l supports

the presence of such a hydrogen bond.! The polymer chains are cross-linked together to
bilayers through relatively strong hydrogen bonds between ammonium and carboxylate
groups, and where the parallel alkyl groups are interdigitating each other; the bilayer surface
consists of hydrophilic iminodiacetic acid groups. The difference in acidic and complex

formation properties of alkyl-N-iminodiacetic acids, present as monomers, and large

aggregates, as e.g. n-octadecyl-N-iminodiacetic acid, in waterl'2 will be presented and

discussed.

References

1. L. Higgman, C. Lindblad, H. Oskarsson, A.-S. Ullstrém and 1. Persson, J. Am. Chem. Soc.
2003, 125, 3631-3641.

2. L. Higgman and I. Persson, unpublished results; C. Lindblad and I. Persson, unpublished

results.
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B-11

Free radical encapsulation in cyclodextrin: Enhanced stability of spin

trapped superoxide radicals

A. Rockenbauer®, H. Karoui®, S. Pietri" and P. Tordo”
*Chemical Research Center, H-1025 Budapest, P.O.Box 17, Hungary,
E-mail: rocky@chemres.hu
®UMR 6517 CNRS and Universités d 'Aix-Marseille, Marseille, Cedex 20, France
E-mail:hakim@srepirl.univ-mrs.fr

The spin trapping technique is a powerful tool to detect free radicals in biological milieu. The
superoxide radical is a key species in oxidative stress and its trapping can be solved by the
application of various nitrons. Adequately long stability could be acﬁieved by DEPMPO (5-
diethoxyphosphoryl-5-methyl-1-pyrroline-N-oxide), but in the presence of reducing agents
like ascorbate, a-tocopherol or glutathion the nitroxide spin adducts are reduced to the ESR-
silent hydroxylamines. To protect the nitroxide radicals we applied biocompatible molecules,
like cyclodextrines, which can form inclusion complexes with the trapped radicals.
By using various nitrons (DEPMPO, DMPO, EMPO) and different cyclodextrines (e.g.
methyl-B-cyclodextrin) an order of magnitude increase was found in the lifetime of trapped
radicals'. While the protection against the gluthathione peroxidase initiated transformation

was almost perfect, the efficiency was only partial against ascorbic acid, but even in this case

the DEPMPO and EMPO adduct of superoxide radicals can be observed for a few minutes.

Acknowledgements: This work was supported by the Hungarian National Research fund,

OTKA T-032929.

1 H. Karoui, A. Rockenbauer, S. Pietri, P. Tordo, Chem. Comm. 2002, 3030-3031.
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C-11

INTERACTIONS OF LOW MOLECULAR DRUG COMPOUNDS WITH
LIPID BILAYERS

Stefanie D. Krimer

Institute of Pharmaceutical Sciences, Swiss Federal Institute of Technology ETH,

Winterthurerstrasse 190, CH-8057 Ziirich. stefanie.kraemer@pharma.ethz.ch

Mammalian cells are multi-compartment systems. The separating membranes consist of a vast
variety of lipids and proteins in characteristic patterns according to their function. The
interaction of drug compounds with different membrane domains is relevant for their behavior
in the body. To get insight in drug-membrane interactions, unilamellar liposomes (artificial
lipid bilayer vesicles) were used in vitro to study the pH-dependent affinity of acidic and basic
drugs to lipid bilayers by means of equilibrium dialysis. The partitioning profiles in a
phosphatidylcholine liposome/buffer system followed Henderson-Hasselbalch functions with
higher affinities of the neutral than the ionized drugs. With liposomes containing negatively
charged lipids such as oleic acid above pH 6 or phosphatidylinositol, the affinity of the
protonated base propranolol to the membrane increased but not the one of the neutral
molecule. These findings contribute to the predictability of interactions between lipophilic
drugs and membrane domains.

To measure membrane permeation of solutes, we developed an assay to follow the
entry of aromatic carbonic acids into the lumen of Tb**-containing liposomes. Upon entry the
aromatic carbonic acids increase the luminescence of Tb**. With this assay we could
demonstrate that the cell penetrating peptide TAT(44-57) is not able to cross lipid bilayers in
a liposomal system.

Combining the two assays we can directly compare affinity and permeation of solutes
to and across lipid bilayers with defined lipid compositions simulating particular cell

membrane domains.
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C-12

Solution Studies On Cu(Il)-Peptide Systems Related To The
Neurodegenerative Diseases

Henryk Koztowski,* Marek Euczkowski,” Daniela Valensin,® and Gianni Valensin®

“Faculty of Chemistry, University of Wroclaw, F. Joliot-Curie 14, 50-383 Wroclaw, Poland;
e-mail: henrykoz@wchuwr.chem.uni.wroc.pl
b Dipartimento di Chimica, Universita di Siena, Siena, Italia.

The role of redox metals like copper, iron or manganese in neurodegenerative disorders was
not a major subject of interest among a neuroscience community before ninties.' One of the
most exciting development has been reached recently in the studies on the elucidation of the
role of SODI in the familial amyotropic lateral sclerosis (FALS).> Copper may be also a
critical factor in the development of Alzheimer disease (AD)."? The BA4 amyloid precursor
protein (APP) is able to bind and reduce very effectively Cu(II) ions, which may change
drastically the fate of APP and its fragments.* Metal ions may also induce the amyloid
formation at nanomolar concentrations. Creutzfeldt-Jacob disease (CJD) and related TSEs,
similarly to AD, are characterized by neuroamyloid formation.’ There is increasing evidence
that normal isoform of PrP binds copper and the complex formed posses a strong anti-oxidant
activity, which could be a vital factor for synaptic homeostasis.® The studies on the Cu?*
binding abilities by cysteine-rich fragment of APP strongly suggest that three histidyl residues
may play a critical role in the interactions between metal ion and protein in the developments
of the disease.”® The potentiometric, NMR, EPR, CD and related spectroscopic studies on the
Cu** binding to protein fragments may help to elucidate the metal ion involvement in the
neurodegeneration mechanisms as it will be discussed in the lecture.’

(1) A.L Bush, Current Opinion in Chemical Biology, 2600, 4, 184-191

(2) E. L. Shipp, F. Cantini, L. Bertini, J. S. Valentine, and L. Banci,
Biochemistry, 2003, 42, 1890-1899

(3) J. Dong, C. S. Atwood, V. E. Anderson, S. L. Siedlak, M. A. Smith,G. Perry,
and P. R. Carey, Biochemistry, 2003, 42, 2768-2773

(4) L. Hesse, D. Beher, C.L. Masters, G. Multhaup, FEBS Letters, 1994, 349, 109-116

(5) D. A. Lomas and R. W. Carrell, Nature Reviews/Genetics, 2002, 3, 759-768

(6) D.R. Brown, Trends in Neurosciences, 2001, 24, 85-90

(7) M. Luczkowski, K. Wisniewska, L. Lankiewicz, H. Kozlowski, J. Chem. Soc.,
Dalton Trans, 2002, 2266-2268

(8) D.Valensin, F.Mancini, M.Luczkowski, K.Wisniewska, E.Gaggelli, G.Valensin,
L.Eankiewicz, H.Kozlowski, J. Biol. Chem., (submitted)

(9) M. Luczkowski, H. Koztowski, A. Legowska, K. Rolka, M. Remelli, J. Chem. Soc.,
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Solution studies of mono- and ditopic macropolycyclic receptors
incorporating 5,12-dioxocyclam units

Michel MEYER

Laboratoire d'Ingénierie Moléculaire pour la Séparation et les Applications des Gaz, UMR
5633 du CNRS, Université de Bourgogne, Faculté des Sciences, 6 boulevard Gabriel, 21100
DIJON, FRANCE.

E-mail: Michel. Meyer@u-bourgogne.fr

The quest for new macropolycyclic receptors that could serve as functional catalysts or
as biomimetic models of biological systems, is stimulating continuous endeavor aimed to
design new synthetic strategies. A trans "autodiprotected” cyclopeptide having 5,12-disposed
carbonyl groups, was found to provide a convenient entry into a new and highly preorganized
class of ligands possessing well defined but tunable metal-binding cavities.' Provided that
5,12-dioxocyclam (L1) was reacted with the appropriate biselectrophile, macrobicyclic and
macrotricyclic cages of spheroidal (A1-A3) and cylindrical (T1-T3) topologies were obtained,
respectively.

A1 X =CH (o-xylyl)
A2 X =CH (m-xylyl)
A3 X=N

CHj
3 T1 X=CH (m-xylyl)
H

T2 X =CH (p-xylyl)
{aN

T3 X =N (m-pyridyl)

The peculiar protonation properties of these ligands will be discussed in light of
crystallographic, potentiometric and calorimetric results.? Intramolecular hydrogen bonding
accounts for both the slow protonation kinetics of A3 and the strong allosteric effect displayed
by T1. The latter phenomenon is reminiscent to the activity regulation mechanism of some
enzymes.

Abstraction of the amide protons by a weak base afforded stable and inert nickel(II)
and copper(II) complexes. Selective metalation of T1 enabled to isolate both the mono- and
the dicopper species. Selected structural and spectroscopic properties, including metal-metal
interactions in the dinuclear species, will be also presented.

1 S.Brandes, F. Denat, S. Lacour, F. Rabiet, F. Barbette, P. Pullumbi, R. Guilard, Eur. J. Org. Chem.
1998, 2349.

2 L. Frémond, E. Espinosa, M. Meyer, F. Denat, R. Guilard, V. Huch, M. Veith, New J. Chem. 2000,
24, 959.
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Nano Water Drops in Highly Charged Porous Nanocontainers Reveal

“Water” Structure-Problems — with and without Solutes

Achim Miiller

Fakultdt fiir Chemie der Universitdt Bielefeld, Postfach 100 131, D-33501 Bielefeld,

Germany.
E-mail: a.mueller@uni-bielefeld.de

Metal-oxide-based capsules containing up to 100 water molecules and different electrolytes

are described. The surfaces of the capsules are covered with nanoscale pores, which — when

open — permit entry of water and solutes into the cavities, while variations of the capsule

properties — such as charge and the nature of the internal surface — greatly influence the

encapsulated species. This allows to get more detailed information about the water structure

and the influence of electrolytes on it.

Literature:

1.

40

A. Milller, E. Krickemeyer, H. Bogge, M. Schmidtmann, S. Roy, A. Berkle

“Changeable Pore Sizes Allowing Effective and Specific Recognition by a Molybdenum-Oxide-
Based “Nanosponge’: En Route to Sphere-Surface and Nanoporous-Cluster Chemistry”
Angew. Chem. Int. Ed. 41, 3604-3609 (2002)

Angew. Chem. 114, 3756-3761(2002)

A. Miiller, E. Krickemeyer, H. Bogge, M. Schmidtmann, B. Botar, M. O. Talismanova

”Drawing Small Cations into Highly Charged Porous Nanocontainers Reveals “Water”’ Assembly
and Related Interaction Problems”

Angew. Chem. Int. Ed. 42, 2085-2090 (2003)

Angew. Chem. 115, 2131-2136 (2003)

A. Miiller, H. B6gge, E. Diemann
“Structure of a cavity encapsulated nanodrop of water”
Inorg. Chem. Comm. 6, 52-53 (2003)
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Supramolecular Structures Formed by Soluble Giant Polyoxomolybdate

Ions in Dilute Solution: A New Solute State for Inorganic Ions

Tianbo Liu
Department of Physics, Brookhaven National Laboratory, Upton, NY 11973. *liu@bnl.gov

Abstract: It is widely accepted that soluble inorganic ions tend to distribute homogeneously
in solution. But this universal solute state is found to be not valid anymore for the giant ions
of polyoxomolybdates (POM) and their derivatives. These nanoscale anions, regardless their
shapes, masses, number of charges, exist as single ions when they are just dissolved in a polar
solvent (e.g., water, ethanol or acetone). However, this is not their most stable state. They
tend to continuously and very slowly further associate into uniform, spherical vesicle
supramolecular structures containing over 1000 individual POM anions, as determined by
laser light scattering techniques. The vesicle structures represent a second solute state for
inorganic ions, possibly preferred by giant anions containing multiple charges. The vesicle
structures are different from the vesicles formed by sﬁrfactants in that there is no hydrophobic
part in POM anions. Unique water nano-assemblies are believed to exist between adjacent
POM:s in the vesicles, providing additional driving force to minimize the repulsive forces for
the vesicle formation, along with the balance between van der Waals force and electrostatic
interactions. The discovery of the POM supramolecular structure finally answers the long-
time puzzle of “molybdenum blue solutions” -- the aggregation behavior of various highly
soluble, unique nanosized and structurally well-defined POM molecules in polar solvents. The
POM anion assembly represents a model system to link the solution behavior of simple
inorganic ions and that of polyelectrolytes, and will help to develop a deeper understanding of
the formation of colloids with hydrophilic surfaces. Many exciting new physical phenomena

can be expected in future investigations.
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Activation of Functionalized Polyoxometalates : Stories in Solution

A. Proust, R. Villanneau, R. Thouvenot, F. Villain

Laboratoire de Chimie Inorganique et Matériaux Moléculaires, Université Pierre et Marie
Curie, 4 Place Jussieu, Case 42, F-75252 Paris Cedex 05, France proust@ccr.jussieu.fr

Polyoxometalates are soluble oxides of groups 5 and 6 metals. They can be
functionalized through the formal replacement of some {M=0} functions by others : we have
thus described nitrogeneous derivatives including nitrosyl, organo-diazenido, organo-imido
and nitrido ligands.! Functionalization is attractive, since it can provide stabilization of
otherwise unstable species, new precursors for catalytic precursors, new building blocks for
material chemistry through remote functionality, activation of the surface oxygen atoms... On
the basis of multinuclear NMR and electrochemical data, we will show how the electronic
properties of the polyoxometalate are tuned.

In its broadest acceptation, functionalization of polyoxometalates also include the
grafting of an organometallic moiety at their surface. More generally, we have been interested
in organometallic oxides. We will focus on the [M40,¢{Ru(arene)},] species, which present a
fluxional behavior in some cases, as it has been evidenced in solution by multinuclear NMR

and EXAFS. Both the windmill and the triple-cubane isomers have been characterized.

(1) Gouzerh, P.; Proust, A., Chem. Rev., 1998, 98, 77-111.

(2) Artero, V.; Proust, A.; Herson, P.; Thouvenot, R.; Gouzerh, P., J. Chem. Soc.,
Chem. Commun., 2000, 883-884.

(3) Artero, V.; Proust, A.; Herson, P.; Gouzerh, P., Chem. Eur. J., 2001, 7, 3901.

42

)

3

I |

S )

.

. |







E-12

Structure of high concentrated solutions

Tamas Radnai

Chemical Research Center of Hungarian Academy of Sciences,

H-1025 Budapest, Pusztaszeri vt 59-67, Hungary. E-mail: radnait@chemres.hu

The usual structural studies, performed by either diffraction experiments or theoretical
calculations, are mainly restricted to relatively low or medium concentrated solutions: up to
several mol dm-3 of solute concentration. These studies are aiming at hydration/solvation
structures, structure of bulk solvent, and only seldom deal with ion pairs of solutes. If the
concentration is small enough, average geometry of local structures around ions is quite close
to that in the crystalline hydrates and solvates, and one can account for symmetry relations,
crystalline bond distances, etc. At extremely high concentrations (up to saturation), however,
the concept of local structure has also to be changed. Since by increasing the concentration,
the bulk of solvent gradually disappears, ion pair contacts are formed which, in one hand,
destroys the original symmetrical hydrate or solvate structures of the solution, and, on the
other hand, wide range of moieties; clusters, polymeric species can be formed which may
produce a firmly connected network of “solvated salt crystals” within the liquid.

Examples of various extremes of local structures will be presented. Diffraction studies show,
e.g., that sodium aluminate solutions [1] contain AI(OH)4 ions, surrounded by hydrating
molecules and hydrated Na+ and OH- ions are swimming in the bulk of water. When
concentration increases, various forms of aluminate-Na+ ion pairs, and dimers or even
oligomers of aluminate species are supposed to form.

Interestingly enough, we found [2,3] that high concentrated solutions may exhibit structural
units, which has been detected in gas phase mass spectrometric experiments, in completely
different extreme circumstances. The clusters detected by these methods were generated from
low concentrated lithium halide solutions of acetontirile and methanol and are similar to some
local structures formed in high concentrated solutions.

A big pile of experiments and computer simulations shows that in high concentrated aqueous
solutions the second hydration shell of ions is destroyed and the counterions will be located
nearer to the hydrated ions. This leads to a stepwise formation of solvent separated ion pairs,
than contact ion pairs, than more complex structures. The process will be illustrated and each
steps will be classified.

Refrences

(1] Radnai, T.; May, P. M,; Hefter, G. T.; Sipos, P.: J. Phys. Chem. 121, 7241, 1998
(2] Megyes, T.; Radnai, T.; Wakisaka, A, J. Phys. Chem. A, 106, 8059, 2002

[3] Megyes, T.; Radnai, T.; Wakisaka, A:, J. Mol Lig. 103-104, 319-329, 2003
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Molecular Dynamics of Iron Cations in Water

Sami Amira*, Kersti Hermansson®, Michael Probst, Daniel Spanberg?*, Viktor Zelin*

Institut fiir Ionenphysik, Universitdt Innsbruck, Technikerstrafe 25, 6020 Innsbruck, Austria

* The Angstrom Laboratory, Material Chemistry, University of Uppsala, 75121 Sweden

Theoretical investigations about the interaction of Fe>* and Fe** with water date back
to more than 235 years and many have appeared in the literature since then. There are different
reasons for this interest: The strong nonadditive effects in the interaction of the cations with
water; the acidity of its solutions and the reactions related to it; the two different oxidation
states that iron ions can assume; the fact that iron, as a transition metal, interacts with its
environment in a more complicated way compared to, for example, alkali ions. We review
former theoretical investigations and present two new simulation experiments: In the first one
we use a newly developed flexible water model (SPC+CCL) in molecular dynamics
simulations of solvated Fe* and Fe** ions together with an effective ion-water potential. We
show that this potential manages to reproduce structural and dynamical properties of the
solution. In the second one we used the Car-Parrinello method to study the solvation of a
single Fe** ion, without the use of explicit potential functions, in a box containing 32 water

molecules.
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Electrolyte adsorption in disordered porous material

V. Vlachy?, B. Hribar Lee?, and O. Pizio”

 Faculty of Chemistry and Chemical Technology, University of Ljubljana, Askerceva S,
1001 Ljubljana, Slovenia; vojko.vlachy@uni-lj.si
b Instituto de Quimica de la UNAM, Circuito Exterior, Coyoacan 04510, Mexico D.F.

Equilibrium properties of the model electrolyte solutions in a disordered environment
mimicking a microporous adsorbent were studied. These systems may be considered as
partly-quenched'? in which some of degrees of freedom are quenched (adsorbent), and others
are annealed and allowed to equilibrate (adsorbate). The ensemble average used to calculate
the thermodynamic properties in such systems becomes a double average: first, as usually,
over the annealed degrees of freedom, and then over all possible values of the quenched
variables. The numerical results of our study follow from the application of the replica
Ornstein-Zernike (ROZ) integral equations in the hypernetted chain (HNC) approximation®?.
Different electrolyte and matrix models were examined with the parameters mimicking real
electrolyte solutions. The effects of the adsorbent porosity and preparation, and the electrolyte
and solvent conditions on the chemical potential of adsorbed electrolyte are examined.
Confinement has a substantial influence on the properties of adsorbed electrolyte; the mean
activity coefficient of the confined electrolyte differs substantially from the same quantity for
the corresponding unperturbed solution. Adsorption isotherms are calculated for various
conditions and the grand canonical Monte Carlo method is used to asses the validity of replica
OZ/HNC theory. The effects of template particles, used in the process of adsorbent

,preparation”, are examined.

(1) Madden, W. G.; Glandt, E. D., J. Stat. Phys. 1988, 51, 537.

(2) Given, J. A,; Stell, G.J., Chem. Phys. 1992, 97, 4573 ; Physica A, 1994, 209, 495.
(3) Hribar, B.; Pizio, O.; Trokhymchuk, A.; Vlachy, V., J. Chem. Phys. 1998, 109, 2480.
(4) Hribar, B.; Vlachy, V.; Pizio, O., J. Phys. Chem. B, 2000, 104, 4479; ibid. 2001, 105,
4727. '

(5) Hribar, B.; Vlachy, V.; Pizio, O., Mol. Phys., 2002, 100, 3093.

46

B

B |

RN I R R R |

1

3 )

)

. |



G-11

Sulfite solution species by sulfur spectroscopy

Magnus Sandstrém,' Emiliana Damian,] Farideh Jalilehvand® and Lars G.M. Pettersson’

! Department of Structural Chemistry, Stockholm University, Stockholm, S-106 91
Sweden
2Department of Chemistry, University of Calgary, Calgary, AB T2N IN4, Canada
3Fysikum, Alba Nova University Center, Stockholm University, Stockholm, S-106 91 Sweden

Synchrotron-based sulfur K-edge X-ray absorption near-edge spectroscopy (XANES) has
been used to study 50 mM solutions of sodium sulfite at different pH. The sulfur species
display unique features at the absorption edge in the XANES spectra, corresponding to
electron transitions S(1s) to antibonding molecular orbitals of m-character. The position and
splitting of the peaks in the experimental spectrum of the SO, molecule have been reproduced
by Density Functional Theory calculations (DFT), and assigned to electronic transitions. At
low pH (<2) the XANES spectra show that the hydrated sulphur dioxide molecule, SO,(aq),
dominates in the acid solution. The concentration of the sulfurous acid molecule, HSOs(aq),
responsible for the acidity, is below detection limit. In the intermediate pH range, 2 < pH < 7,
the spectra show comparable amounts of two hydrogen sulphite species, HSOs" and SO3;H’,
with the hydrogen atom coordinated to the sulfur and oxygen atoms, respectively. With
increasing temperature, from 4 to 70 °C, the spectra show an increasing amount of the minor
HSOs" species. XANES spectra and neutron powder diffraction on solid CsDSO; confirm a
pyramidal structure with an S-D distance of 1.38 A, consistent with the solution structure of
HSOj'". Vibrational spectra have been recorded and assigned. The results show that sulfur K-
edge XANES spectroscopy has become a powerful analytical tool for this “spectroscopically
silent” element, and also that the electronic transitions near the sulfur K-edge can be used to

probe the local coordination geometry in great detail.
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Micelle Hydration and Dynamics in Aqueous SDS Solutions

Patrick Fernandez, Simon Schrédle, Richard Buchner, and Werner Kunz

Institut fiir Physikalische und Theoretische Chemie, Universitiit Regensburg,
D-93040 Regensburg, Germany

E-mail: Richard.Buchner@chemie.uni-regensburg.de

Dielectric spectra have been measured for aqueous sodium dodecylsulfate (SDS) solutions up
to 0.1 mol L-1 at 25 °C over the frequency range 0.005 < v / GHz < 89. The spectra exhibit
two relaxation processes at ca. 0.03 GHz and 0.2 GHz associated with the presence of
micelles in addition to the dominant solvent relaxation process at ca. 18 GHz and a small

contribution at ca. 1.8 GHz due to H,O molecules hydrating the micelles.

Detailed analysis reveals that the micelles bind 20 water molecules per SDS unit, but not as
strongly as trimethylalkylammonium halide surfactants do. The relaxation times and
amplitudes of both micelle relaxation processes can be simultaneously analysed with the
theory of Grosse, yielding the effective volume of a SDS unit in the micelle and the lateral
diffusion coefficient of the bound counter ions. The findings of this investigation fully
corroborate recent molecular dynamics simulations on structure and dynamics of SDS

micelles.
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Structure determination of some ruthenium and iron complexes by X-ray
diffraction

Tiinde Megyes, Tamds Grész, Tamds Radnai, Margit Kovécs*, Attila Horvath*, Zoltdn May,

L4szl6 Siméndi

Chemical Research Center, Hungarian Academy of Sciences, Budapest, P.O. Box 17, H-1525,
Hungary, e-mail: megyes@chemres.hu
*Department of General and Inorganic Chemistry, University of Veszprém, P.O. Box 158,
Veszprém, H-8201, Hungary

The structure of [Ru(bpy)(CN)4]2' (byp-bypiridine) and [Fe(dmdt)]** (dmdt-
diacetylmonoximdietylentriamine) complexes have been investigated by X-ray diffraction
technique in aqueous and methanol solutions respectively.

The [Ru(bpy)(CN)s]*complex having only one chromophoric ligand is considered as the
simplest molecule within the class of ruthenium(II) polypyridine photosenzitizers of excellent
spectroscopic, photophysical, photochemical and electrochemical properties for conversion
and storage of solar energy and as a unit of polynuclear and supramolecular species in which
the centers of metal complexes or other type of molecules are bridged by cyanide ligands. The
characteristic bond lengths of the complex obtained by this method are in good agreement
with those determined by single-crystal X-ray study. The number of solvent molecules of the
hydration shell has been determined. Three water molecules are arranged near to each cyanide
ligands. The average distance between the nitrogen atom of cyanides and the oxygen atom of
these solvent molecules is found to be 3.2 A.

The oxidation of pyrochatechine and its derivatives in living cells is one of the main functions
of the copper and iron containing oxidoreductases, so there is important to know the structure
of [Fe(dmdt))** tip complexes. Since there is not possible to determine the single crystal
structure of the complex we have tried to examine it in solution. The structure of 1M

methanol solution of [Fe(dmdt)]2+ complex was determined from X-ray diffraction

measurement.
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Kinetics and mechanism of formation and decomposition of
(CN)sPt-Tl(edta)*

Péter Nagy, Rébert J6szai, Istvan Fabidn and Imre Té6th
Department of Inorganic and Analytical Chemistry, University of Debrecen, Debrecen,
Hungary

Chemistry of platinum—thallium cyano compounds containing a direct and unsupported by
ligands metal-metal bond is in the middle of interest of our group. Detailed studies of the
structures and the unusual equilibria has already been reported. Formation kinetics of the
following reaction has been showed at the DD4 — IRM meeting 2002 in Kloster Banz:
PYCN)s>" + TICN)s == [(CN)sPt-TI(CN)3]*- 1)

Research on substitution of the cyanides bonded to Tl with amino—polycarboxylates
(e.g. mimda®", nta®, edta*) is under progress in our laboratories. This poster is to show our
results on the formation kinetics of the complex [(CN)sPt-Tl(edta)]*. The overall reaction of
the formation (Keq= 20 + 2) is:

Pt(CN)4>™ + Tl(edta)(CN)> == [(CN)sPt—Tl(edta)]* (2)

The complex can form from (CN)sPt-T1 with the reaction of edta. This reaction yields 100 %
[(CN)5Pt—T1(edta)]4', which slowly decomposes corresponding to the chemical equilibria of
reaction (2). If the concentration of [(CN)sPt-Tl(edta)]* is low enough then the decomposition
is irreversible and possible to determine the rate separately.
I Even though the concentration of TI(CN),™ is 4 orders of magnitude lower than the
[Tl(edta)(CN)?7] in the reactant, the formation of [(CN)sPt-TI(CN)s]*" is much faster than the
one of [(CN)5Pt—T1(edta)]4'. Therefore a path, where [(CN)SPt—T](CN)3]3' is an intermediate
and the substitution of the cyanides on the Tl side with edta leads to the product, is proposed:
(a) Pt(CN)s> + TI(CN);~ === [(CN)sPt-TI(CN)3]* /kisk
(b) [(CN)sPt-TI(CN);]>> === [(CN)sPt~TI(CN);]>" + CN" /kak 2
(c) [(CN)sPt=TI(CN),]*" + Hedta™™~ =— [(CN)sPt-Tl(edta)]* + 2CN~ + xH* /ks;k_s
II, However under appropriate conditions (where the concentration of TI(CN)4 is
suppressed with excess edta) an other path, where Pt(CN)s> reacts directly with
Tl(edta)(CN)z', can dominate,

@) Pt(CN)4>™ + Tl(edta)(CN)>~ === [(CN)4Pt-TI(CN)(edta)]* /kyskey
(b") [(CN)4Pt-~TI(CN)(edta)]* + CN~ === [(CN)sPt-~TI(CN)(edta)]*" / kaskor
(©) [(CN)sPt-~TI(CN)(edta)]>> === [(CN)sPt-Tl(edta)]* + CN" / k3:k s

Provided that all intermediates are in steady state, standard derivation yields the following
expression for kobs = 1/ [P(CN)4>] - d[(CN)sPt=Tl(edta) *}/dt:

_ ki Ky Ky fedtal [TUCN) T4k, ko kg [ONTP | (ki oky -k [TICN)(eda) 1+ -k oy ko) -[CN]
k_, -k_,-[CN"1+k, -k, -[edta]+k, -k, - [edta] K, -kp+k, Ky +ky ky-[CNT]
This model fits to the observed data.

Kot
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Analysis of the thermodynamic and structure data internal consistency for
binary liquid alkali-metal mutual solutions

D.N.Kagan, G.A.Krechetova, E.E.Shpilrain
Institute for High Temperatures of the Russian Academy of Sciences (IVTAN);
Izhorskaya 13/19, Moscow 125412 Russia; fax: +7 095 483 2289,
e-mail: d.n.kagan@mtu-net.ru

The thermodynamic analysis of the above solutions has been made in our presentation on
27™ ICSC (Vaals) in the terms of the long-wavelength limit of the correlation function of
concentration fluctuations S.(0). The function S..(0) proved to be an efficient instrument for
analysis of the thermodynamic properties behaviour peculiarities of these solutions
particularly for estimation of the concentration fluctuations magnitude and stability of the
solution as a single-phase homogeneous system. Now an application of this function for
analysis of the thermodynamic and structure properties internal consistency is discussed.

Function S¢(0) is unambiguously linked with the long-wavelength limit of the structure

factor S$(0), which is determined in diffraction experiment with small-angle scattering of the

2 2
X-rays or neutrons (small-angle limit): $(0)= <f ) (5_f1_f2] .s“(o)_,..BT'RT In
(AL 0

v

formula: (f)=x fj +x,f2, f; is a long-wavelength limit (wave vector g=0) of the atomic
scattering factor for atom i; < f 2) =x1fi> +x,f#;V is the molar volume; &= (1/v)(dv/ox,) oT

is the dilatation factor; x; is the molar concentration of the light component;

Br =—(1/v)(@v/p); 5 18 the isothermal compressibility of the solution. § (g) is normalized

through its division by < f 2(q)> .

Thus, S.(0) is a structure-sensitive quantity. It can be determined using independent
thermodynamic and diffraction experiments and hence it serves as an criterion of
thermodynamic and structure properties internal consistency. The binary alkali metal systems
Cs-Na, K-Na, Cs-K are taken as a model using the obtained experimental data at T=400-
1200K in the entire range of x,.
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Old and New about the Hydroxide Ion in Aqueous Solution

Zareen Abbas®, Kersti Hermansson® and Michael Probst®

? Institute of Ion Physics, Computation Chemistry / Physics Group, Leopold Franzens-
Universitdt Innsbruck, 6020 Innsbruck, Technikerstrafe 25, Austria
(zareen.abbas@uibk.ac.at)

bThe Angstrom Laboratory, Material Chemistry, University of Uppsala, 75121 Sweden

ABSTRACT

During the last decade there has been an enhanced interest in investigating the nature and
transport phenomenon of hydroxide ion in aqueous solutions. A large number of theoretical
tools ranging from the high level quantum mechanical methods to the most recent Care-
Parinello molecular dynamics have been applied. These efforts have resulted in novel insights
into the structural properties, energetics, vibrational frequencies and transport mechanism of
OH’ ion in water. At present relatively few experimental studies exist in the literature.
However, guided by the theoretical results some progress in this front has also been made
very recently. Thus, a review in this field is both timely and important. After a thorough
survey and analysis of the existing literature regarding the state of hydroxide ion in aqueous
solutions, special emphasis will be given to the nature of blue shifts seen in the O-H streching
vibrational frequency in clusters by MD simulations or in experiments. The results obtained
by cluster studies will be analysed with respect to the optimal cluster structures, energetics
and the dependence of cluster properties on the nature of computational method. Structural
and dynamical properties of alkaline solutions obtained by classical or by ab-initio simulation
methods will be analysed and compared with the results of these cluster studies. Results from
our own quantum chemical calculations and MD simulations will be presented and the

direction of future work in this area will be discussed.
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VOLUMETRIC AND THERMAL PROPERTIES OF SOME AQUEOUS
ELECTROLYTE SOLUTIONS.

Alexander Apelblat! and Emanuel Manzurola2

1Department of Chemical Engineering, Ben Gurion University of the Negev, Beer Sheva,

84105 Israel, e-mail: apelblat@bgumail.bgu.ac.il

2Department of Research and Development, Negev Academic College of Engineering,

Beer Sheva, 84100 Israel, e-mail: emanuel@mail.nace.ac.il

The volume-concentration relations in electrolyte solutions are less known when the

temperature dependence of properties is considered. Therefore, precise densities of 0.1, 0.5

and 1.0 mol-kg-! aqueous solutions of lithium nitrate, lithium carbonate, sodium iodide,
sodium nitrate, sodium acetate, sodium carbonate sodium sulfate, potassium bromide and
potassium iodide were determined at 1K temperature intervals from T = 277.15 Kto T =
343.15 K. Measured densities p(T;m) were expressed as polynomials of temperature and

these polynomials were used in the calculation of the apparent molar volumes at constant

molality m, Vo @, the coefficients of thermal expansion, o(T;m), the apparent molar

expansibilities, Vo g and by applying the Maxwell relationship, the changes of molar heat

capacity with pressure.

Voo (T;m)= % 10000 p,)

PP
a
aATim) == )y,
Ny (T
VZE(T;m)=(—-’-%i)>p,,,
axC Y M_ , oJa
(—515)T,,,, =—T(3T—2)p,m =—T(;)[a + Gl

where py, is the density of pure water and M is the molar mass of dissolved salt.

The obtained results are compared with the literature data and discussed with regard to

the ion-water and ion-ion interactions.
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Excess Molar Volumes and Viscosities for Binary Mixtures of

Alkoxyethanols with Substituted and Cyclic Amides at 298.15K

Rakesh Kumar Bhardwaj*, Amalendu Pal**

*Department of chemistry, Dyal Singh College Karnal-132 001 INDIA
**Department of chemistry, Kurukshetra University Kurukshetra INDIA
rakesh_bhardwaj2 @ rediffmail.com

The study of the effect of simultaneous presence of ether(-o-) and (-OH) groups on the excess
thermodynamic properties and the corresponding behaviour of alkoxyethanols in binary
mixtures is of great relevance in understanding the nature of the interactions. The excess
molar volumes and viscosities have been measured as a function of composition for binary
mixtures of N,N-dimethylformamide, N,N-dimethylacetamide, 2-pyrrolidinone, and N-
methyl-2-pyrrolidinone at 298.15K. In all mixtures the excess molar volumes are negative
over the whole mole fraction range. From the experimental data, deviation in the viscosities
have been calculated. The effect of the specific interaction on the excess properties,
dependence on the position of methyl group in 2-propoxyethanol and 2-isopropoxyethanol
and the influence of N,N-disubstituted and cyclic amides have been discussed. The results

have also been confirmed through our IR studies.
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Volumetric and thermal properties of some electrolyte solutions

Emanuel Manzurola

Abstract not recieved.
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Photooxidation of water by 2,6-dichloro-1,4-benzoquinone
Gibor Lente® and James H. Espenson®
“: University of Debrecen, Department of Inorganic and Analytical Chemistry, P.O.B. 21, H-
4010, Debrecen, Hungary, e-mail: lenteg @delfin.klte.hu
b: Ames Laboratory, Iowa State University, 26 Spedding Hall, 50011, Ames, Iowa, U.S.A, e-
mail: espenson@ameslab.gov
Our recent studies on the catalytic oxidation of chlorophenols revealed that these reactions are
sensitive to visible light, which was explained by the photoreactions of chloroquinone

intermediates.' The poster will summarize our results on the most important relevant

photoreaction, the aqueous photoreduction of 2,6-dichloro-1,4-benzoquinone:

o OH H
cl Cl Cl cl | cl
H,0 c
— +
hv oH
o) OH OH

No hydrogen peroxide was detected in the final aqueous solution but an increase in the
dissolved oxygen concentration indicated that water is oxidized to molecular oxygen. The
reaction is driven efficiently by visible light, which is absorbed by 2,6-dichloro-1,4-
benzoquinone. Our studies on the kinetics and mechanism of the photoreaction will be
discussed and the findings will be compared to results obtained with different quinones using
UV irradiation.>

This research was supported by the Center for Catalysis, Institute for Physical Research and

Technology, Iowa State University. GL also wishes to thank the Fulbright Program.

1. Lente, G.; Espenson, J. H. Chem. Commun. 2003, in press.

2. Kurien, K. C.; Robins, P. A. J. Chem. Soc. (B), 1970, 855.

3. Pochon, A.; Vaughan, P. P.; Gan, D.; Vath, P.; Blough, N. V.; Falvey, D. E. J. Phys.
Chem. A, 2002, 106, 2889.
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REGULAR STRUCTURE CHANGE OF LIQUIDS ON LIQUID-LIQUID
MIXING DUE TO EXISTENCE OF MICROSCOPIC MOLECULAR
GROUPS

Haruhiko Yokoyama and Mihoko Muraoka

Department of Chemistry, Graduate School of Integrated Science, Yokohama City University
22-2 Seto, Kanazawa-ku, Yokohama 236-0027, Japan. e-mail: yokoyama@yokohama-
cu.acjp

Structure changes of liquids on liquid-liquid mixing have been studied by X-ray
diffraction method.  Acetonitrile(AN), acetone(AC), pyridine(Py), benzene(Bz), and
water(H,O) were used as the liquids. X-ray diffraction measurements have been carried out at
25°C for the neat liquids and AN-H,0, AC-H,0, Py-H;0, AN-AC, and Bz-Py mixtures of
various mixing ratios. Radial distribution functions (RDFs) were obtained and compared with
those calculated by assuming the additivity of structures of neat liquids in each binary system.
The differences between observed and calculated RDFs in each system except the Bz-Py
system revealed almost the same pattern independent of the mixing ratio; the differences in
the Bz-Py system were very slight. This result could be interpreted by assuming that the
liquid molecules form microscopic molecular groups which are classified into three kinds of
molecular groups having different structures. The structures of the first and the second
molecular groups are the same as those of neat liquids and the third molecular group has a
definite structure formed by the interactions between different liquid molecules. When we
denote the radial distribution functions representing these structures in the binary system of A
and B as Da(r), Dg(r), and Dag(r), respectively, the difference RDF denoted as AD(r) can be
expressed by

AD(r)=Afa{Dag(r) -Da(r) }+Afg{ Dap(r)-Dp(r) }

where Afs and Afg are the volume fractions of A and B molecules existing in the third
molecular groups, respectively, and the ratio of Afs and Afg is presumed to be constant. The
maximum of Afs or Afg gives that of AD(r) which was observed at Xxan=0.3 (fan=0.5-0.6),
Xac=0.2 (foc=0.5), Xpy=0.3 (fp,=0.6-0.7), and xan=0.6 (fan=0.5) for AN-H,0, AC-H,0, Py-
H,0, and AN-AC systems, respectively, where X4 and fa are the mole fraction and volume
fraction of A, respectively. These values of mole fraction or volume fraction are close to
those giving the maximum of excess density corresponding to the deviation from the
additivity of densities of liquids A and B. The present study has clarified that the molecular
groups of A and those of B exist still in the liquid mixtures although the A and B molecules
form new molecular groups having a definite structure. Each molecular group probably
behaves like a flickering cluster having no definite size.
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Aqueous solution studies on coppert(ii) / fluoroquinolone complexes

Paula Gameiro, Catarina Rodrigues, Patricia Sousa, Eulélia Pereira e Baltazar de Castro
Requimte, Departamento de Quimica, Faculdade de Ciéncias, 4169-007 Porto, Portugal,
(agsantosc.up.pt)

Quinolones are a family of drugs widely used as antimicrobial agents and exert their
action by inhibiting DNA synthesis. Although , the intracellular targets by which these
compounds mediate their effects is still a matter of investigation it was postulated that the
mechanism of action is due to cooperative binding of quinolone to DNA required to inhibit
DNA gyrase and that it could be mediated by transition metal ions. As an attempt to clarify
the role of transition metals and how they exert their action on biological systems, the
coordination behavior of the systems Cu(II)/norfloxacin and Cu(Il)/ofloxacin, in aqueous
solution, has been studied. The equilibrium constants of the systems
Cu(I)/norfloxacin/phenantroline and Cu(Il)/ofloxacin/phenantroline have also been
determined by potenciometry under an argon atmosphere at 25.0+0.1 °C, and the ionic
strength was adjusted to 0.1 M with sodium chloride. All the calculations were performed
with program HYPERQUAD.

The values obtained for the acidity constants of ofloxacin, norfloxacin and 1,10-phenantroline
and the stability constants with copper(Il) were determined and the model used to determine
the stability constants of the ternary systems was:

Cu?* + HL* + L, [CuHLL,]* B
Cu?*+HL*+ L& CulLL,+H* B

110

11-1

where HL is the fluoroquinolone in its zwiterionic form and L, phenantroline in its neutral
form. The values obtained show that the ternary complexes are much more stable than

expected and that the interactions ofloxacin/phenantroline and norfloxacin/phenantroline must

be mediated by the copper (II) cation.
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Small-angle neutron scattering study of aqueous solutions of 1,2 hexanediol

L. Almdsy', M.V. Avdeev?, A.H. Islamov?, G. Jancs6>, A.L Kuklin?
L. Almésy

(1) Research Institute for Solid State Physics and Optics, POB 49, Budapest-1525, Hungary,
Email: almasy@sunserv.kfki.hu
(2) Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna,
Russia

(3) Atomic Energy Research Institute, Budapest, Hungary

Long chain alcohols with two or more OH groups are known to behave similarly to
conventional surfactants in aqueous solutions, for instance above some critical concentration
they form micelle-like aggregates 12 We studied heavy water solutions of 1,2- hexanediol by
means of small-angle neutron scattering (SANS) at the YuMO time of flight spectrometer at
the JINR (Dubna), in the alcohol mole fraction range 0.01 — 0.20. The experimental scattering
data allowed the analysis using two approaches: the traditional one, when the scattering is
attributed to the presence of micelles 2, and an alternative one, based on the Bhatia~Thornton
formalism . There, the zero-angle limit of the scattered intensity, I(0), is proportional to the
particle number and concentration fluctuations in the mixture. Using the experimental I(0)
together with some thermodynamic data, useful quantitative measures of the aggregation
behavior in the mixtures could be evaluated such as the concentration fluctuations and the
Kirkwood-Buff integrals *. The behavior of 1,2-hexanediol and the similar 2-butoxyethanol

solutions will compared.

(1) M. Frindi, B. Michels, R. Zana: J. Phys. Chem. 1991, 95, 4832

(2) G. D’ Arrigo, R. Giordano, J. Teixeira: Langmuir 2000, 26, 1553

(3) A.B. Bhatia, T.E. Thornton: Phys. Rev. B 2 1970 2, 3004

(4) L. Almdsy, G. Jancs6, L. Cser: Appl. Phys. A 74 [Suppl.] 2002, 74, S1376
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Structure of new heterometallic Ru/Cu, Ni complexes in water solution and

hexane by XAFS spectroscopy

S.B. Erenburg, N.V. Bausk, L.N. Mazalov, V.G. Torgov

Institute of Inorganic Chemistry SB RAS, Lavrentiev Ave. 3, Novosibirsk, 630090, Russia

e-mail: simon@che.nsk.su

The recovery of platinum group metals from the high level radioactive solution is operable to
eliminate destabilizing action of these metals in the vitrification of wastes. Effective
extraction of nitro-nitrozo-hydroxo Ru anions by trialkylphosphine oxide to hexane has been
revealed recently in a presence of transition metal cations only. This phenomenon could be
explained by a formation of heterometallic complexes in organic solvent. The goal of the
present work is to study a local environment geometry of Ru and a structure of Cu, Ni cations
environment both existing in aqua solutions and hexane extracts.

The analysis of the EXAFS and XANES spectra of the aqueous solutions and hexane extracts
shows that the interaction between hydrated (or solvated by the trioctylphosphine oxide
molecules) Cu(II), Ni(II) cations and the complex Ru anion takes place. This interaction is
accompanied by the increase of the interatomic distances Ru-O from 1.96 A to 1.99 A.
Structural models have been proposed for heterometallic complexes of several types. Rigid
chemical binding between Ru- and Cu, Ni- fragments of heterometallic complex in aqua
solution and hexane extracts was established. This binding existence explains the effective
extraction of Ru-containing anions with transition metal cations. The interatomic distances
Cu-Ru and Ni-Ru are estimated at 3.4 A and 2.7 A, correspondingly. Such rigid binding can
be provided by double chemical bonding by two ligands of Ru fragment, in accordance with
conclusions concerning structure of “mixed” Ru/Cu, Ni complexes in extracts, obtained

recently by IR and electron spectroscopy [1].
Financial support from the RBRF (Project 03-03-32354) is greatly appreciated.

[1] V. Torgov, S. Erenburg, N. Bausk, E. Stoyanov, V. Kalchenko, A. Varnek, G. Wipff.
Journal of Molecular Structure, 2002, 611, 131-138
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NMR study on some metal O,0'-dialkyldithiophosphates

Mats Lindberg*, Willis Forsling*, Oleg Antzutkin*, and Alexander Ivanov®.
* Dept. of Chemical and Metallurgical Engineering, Luled University of Technology, SE-971

87 Luled, (Mats.Lindberg @km.luth.se, Willis.Forsling @km.luth.se,
Oleg.Antzutkin@km.luth.se)
§ Amur Integrated research Institute, Far Eastern Branch of the Russian Academy of
Sciences, 675000, Blagoveschvensk, Amur Region, Russia (aliv@altavista.com)

In a current project, we are aiming to reach a better understanding of the surface
complexation during mineral froth flotation. To this end we are currently preparing samples
of pure minerals and collectors, to be studied using solid-state NMR techniques. However, the
spectra of these samples are often quite complex and the low concentration of ligands in the
mineral-collector samples often lead to weak signals. Therefore, we have recognized the need
for model systems giving spectral data that can facilitate the interpretation of the surface-
complex spectra.

Complexes of Zn(II), Cd(Il), and Pb(II) and various O,0'-dialkyldithiophosphates have
been prepared from water solution, and re-crystallized from suitable organic solvents. These
complexes have been studied using *'P- and *C NMR in solid state (CP/MAS and direct
polarization) as well as in solution at different concentrations. Combining the information
(isotropic chemical shift and CSA) given by liquid-state and solid-state spectra of the model

systems, it is possible to distinguish between chelating and bridging ligands, thus providing a

tool for unveiling the nature of the interaction between collector and mineral surface.

Acknowledgement
We are indepted to Cheminova A/S for supplying di-O-alkyldithiophosphates, ARC for
financial support, and to The Swedish Research Council for funding of the CMX-360 NMR

spectrometer.
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INFRARED, RAMAN AND THEORETICAL STUDIES OF METAL-
OXYGEN BONDING OF COMPLEXES EXISTING IN SOLUTIONS

J. Mink"? M. Sandstrém®, F. Jalilehvand®, A. Molla-Abbassi’, M. Skripkin*

!Structural Chemistry Department, Institute of Chemistry, Chemical Research Center of the
Hungarian Academy of Sciences, Pusztaszeri it 59-67, H-1025 Budapest, Hungary
E-mail: mink@iserv.iki.kfki.hu
Department of Analytical Chemistry, and Analytical Chemistry Research Group, University of
Veszprém, P.O.Box 158, H-8201 Veszprém, Hungary, E-mail: mink@almos.vein.hu
*Department of Structural Chemistry, Arrhenius Laboratory, University of Stockholm, SE-10691
Stockholm, Sweden
“St.Petersburg State University, Dept. of Chemistry, Universitetskii pr. 2, 198904 St.Petersburg,
Russia

Metal ions have a great tendency to form complexes with water molecules and ligands with oxygen
donors. The study of structure and bonding of aqua complexes is always a difficult task in solution.
Infrared and Raman spectroscopy with combination of EXAFS (extended X-ray absorption fine
structure spectroscopy) and LAXS (large-angle X-ray scattering) can be used for studies of symmetry
and bonding properties.

Spectroscopic and theoretical study of halide and pseudohalide complexes of general composition
[TIXa(OH2)]*™, X=C1,Br, CN'"}, M(OH,)¢™ (M=Al, Ga, In, T1, Ti, V, Cr, Fe, Co, Ru, Ir, Hg)¥,
triflate aqua complexes, [Hg(OH,),(CF;SO3);].., [TI(OH,)3(CF;S0)31™, dmso complexes of
M(dmso)s™* (M = Al, Ga, In, T1, Sc, Y, La, Ru) ™ have been performed. A special attention has been
paid to the metal-oxygen vibrational modes. Due to our broad variety of complexes we were able to
obtain a general correlation between bond distances and stretching force constants (Fig. 1). Particular
but much better correlation’s have been observed for complexes of homologue series. Other
structurally important parameters like coordination numbers and symmetry (point groups) of the
complexes have been established.
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Fig. 1. Correlation between M-O bond distances (R) and stretching force constants (K)

(1) Blixt, J.; Gldser, J.; Mink, J.; Persson, L; Persson, P.; Sandstrém M., Journal of American Chemical Society,
1995, 117, 5089-5104

(2) Mink, J.; Sandstrém, M., to be published

(3) Molla-Abbassi, A.; Eriksson, L.; Mink, J.; Persson, L.; Sandstrém, M.; Skripkin, M.; Ullstrom A-S.;
Lindgvist-Reis, P., J. Chem. Soc. Dalton Trans., 2002, 4357-4364

(4) Molla-Abbassi, A.; Skripkin, M.; Kritikos, M.; Persson, I.; Mink, J.; Sandstrom, M., J. Chem. Soc. Dalton
Trans., 2003, 1746 — 1753
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Structural analysis of AI-EDTA complexes in aquous solution by means of
NMR and X-ray absorption spectra

Hisanobu Wakita "2, Yuichi Tateishi', Syuji Matsuo?, Tsutomu Kurisaki', Yuko Kato®,
Takushi Yokoyama4,Imre T(Sths,

(' Department of chemistry, Fukuoka University, *Advanced Materials Institute Fukuoka
University, *Department of Industrial chemistry, Faculty Tohwa University, *Department of
Chemistry, Kyusyu University, >Department of Inorganic and Analitical chemistry, Debrecen
University) E-mail: aledta@ hotmail.com

Though hydrated Al ion has strong toxicity in soil, its toxicity decreases by the complex
formation with natural organic compounds which mainly possesses carboxyl groups.
Therefore, it is important for environmental sciences to clarify the structure between Al and
natural organic compounds under the molecular level(l1). We have employed
EDTA ((ethylenediaminetetraacetate) as a model compound of natural organic compounds, and
clarified the structure of AI-EDTA complexes in aquous solution. By our NMR study, we
could show that Al atom of AI-EDTA complex in aquous solution has 5-fold coordinated
structure with one O atom of an H,0 molecule, two N atoms of an EDTA molecule, and two
O atoms of the CH,COO groups in an EDTA molecule(2). However, as the steric structure
was not clear from the NMR study, we have analysed the structure by means of X-ray
absorption spectra. As a result, we have proved that the AI-EDTA complex in aquous solution
has two structures of trigonal bipyramidal and square pyramidal structures with their ratio of
7:3. And we have investigated the existence of 4-fold coordinated complex in solution by
further NMR study. When it was low temperature, the NMR peak of 4-fold coordination at

60~70 ppm grew up. The detail discussion will be reported at the conference.

(1)S.Matsuo, H.-Wakita, Structural Chemistry, 14(2003)69.
(2) S.Matsuo,H.Wakita, T.Yokoyama Advances in QUANTUM CHEMISTRY, 42(2003)407.

69



A21

Dielectric Relaxation Spectroscopy of Aqueous Hexyltrimethylammonium
Bromide Solutions

Nashiour Rohman, Richard Buchner, and Werner Kunz
Institut fiir Physikalische und Theoretische Chemie, Universitit Regensburg,

D-93040 Regensburg, Germany
E-mail: nashiour.rohman@chemie.uni-regensburg.de

Dielectric permittivity measurements of aqueous hexyltrimethylammonium bromide solutions
are done as function of concentration (0.04 < m/mol kg-1 < 1.0) covering the frequency range
of 0.2 < 0/GHz < 89 at 298.15 K. In order to obtain the enthalpy and entropy of activation,
temperature dependence measurements are done for two solutions (0.25 and 0.76 mol kg-1) in
the range of 278.15 < T/K < 338.15. All the spectra are described by a superposition of four
individual Debye relaxation processes in the entire range of concentration and temperature.
The low frequency dispersion step, centered at 1 GHz is attributed to the tumbling motion of
solvent-separated (SSIP) ion pairs. The equilibrium constant, K, of the ion pair deduced from
the ion pair dispersion amplitude is 45 * 1. The remaining three relaxation processes with
relaxation times, = 25, 9 and 1 are attributed to the water molecules in the vicinity of the
hydrophobic tail of hexyltrimethylammonium ion, the cooperative relaxation of H-bond
network of bulk water and the fast mobile water molecules respectively. From the analysis of
the solvent amplitudes, the hydrophobic hydration number, Zy(0) = 9.5 £ 0.5 and the number
of irrotationally bound water molecules, Z;,(0) = 5.3 £ 0.2 are estimated. From the enthalpy of
activation of bulk solvent relaxation process, the average number of hydrogen bonds per
water molecule is estimated to be 2.3 + 0.1, which is slightly lower compared to pure water.

The possibility of micelle relaxation process will be discussed.
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THERMODYNAMICS OF TRANSFER OF IONS FROM WATER TO
AQUEOUS-ORGANIC MIXTURES

Glenn Hefter,
Chemistry Department, Murdoch University, Murdoch, WA 6150, Australia;

hefter@chem.murdoch.edu.au

Yizhak Marcus,
Department of Inorganic & Analytical Chemistry, Hebrew University, Jerusalem, 91904,

Israel; ymarcus @vms.huji.ac.il

W. Earle Waghorne,
Chemistry Department, University College, Belfield, Dublin 4, Ireland;

waghorne@ollamh.ucd.ie

Data on the thermodynamics of transfer of simple electrolytes from water to aqueous-organic
mixtures have been collected systematically from the literature and critically reviewed in
recent years. Extensive data sets for Gibbs energies, enthalpies and entropies of transfer have
been established for co-solvents including MeOH, EtOH, t-BuOH, MeCN and DMSO, with
more limited values for other aqueous-organic mixtures. These data were divided, wherever
possible, into their component ionic contributions using the tetraphenylarsonium (or
phosphonium) teraphenylborate extrathermodynamic assumption. The single ion
thermodynamic properties so obtained often exhibit very complex behaviour as the solvent
composition changes, especially the enthalpies and entropies. There are marked differences
between aqueous mixtures with protic and dipolar aprotic co-solvents, and between cations
and anions. Some aqueous-organic mixtures show clear evidence of solvent
microheterogeneity. In others there is marked compensation between the enthalpies and
entropies or between cations and anions. The behaviour of classes of ions and groups of

solvents is discussed in terms of the specific interactions occurring.
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Raman spectroscopic study on the solvent conformational change

upon solvation to metal ion

Yasuhiro Umebayashi, Kai Matsumoto, Yutaka Mune, Shin-ichi Ishiguro

Department of Chemistry, Faculty of Science, Kyushu University
Hakozaki, Higashi-ku, Fukuoka, 812-8581, Japan
yumescc@mbox.nc.kyushu-u.ac.jp

Metal ion solvation is quite important to understand its reaction in solution. Indeed,
the solvation number of the metal ion in a bulky non-aqueous solvent is reduced when a
strong steric repulsion operates among solvent molecules (strong solvation steric effect).
Even in the case that the solvation number is not reduced, the coordination geometry around
the metal ion is significantly distorted (weak solvation steric effect). @ We have so far
investigated the solvation steric effect from thermodynamic and structural point of view. The
halogeno complexation is enhanced in Hexamethylphosphorictriamide (HMPA), 1,1,3,3-
tetramethylurea (TMU) and N,N-dimethylacetamide (DMA) over N,N-dimethylform- amide
(DMF), despite that the electron-pair donating ability of these solvents are higher than DMF.
HMPA and TMU shows a typical strong solvation steric effect, i.e., a series of first transition
metal(Il) ions have all reduced solvation numbers in these solvents. On the other hand, DMA
shows a weak solvation steric effect, i.e., an octahedral six-coordination is kept unchanged for
a series of first transition metal(Il) ions, except for the zinc(Il) ion, although the coordination
geometry around the metal ion and the intermolecular structure of DMA are significantly
distorted.

Recently, we developed titration Raman spectroscopy and a?plied it to elucidate a
steric preferential solvation of metal ion in DMF-DMA mixture." @ Further investigation
was carried out with N,N-dimethylpropionamide (DMPA). It is generally accepted that the
methyl carbon and oxygen atoms in the DMPA propionyl group CH3CH,CO- locate on the
amide plane and at the cis position with each other. However, Raman spectra of DMPA
solution measured at varying temperature indicate the presence of another isomer in
equilibrium with the cis form. DFT calculations show that the non-planar staggered form
with 92° C-C-C=0 dihedral angle is slightly unstable than the cis form in both the gas phase
and SCRF solution.® Interestingly, we also found that the isomerization enthalpy of DMPA
solvated to metal ion strongly depends on the metal ion. Here, we will demonstrate our
experimental and theoretical evidence for the presence of conformational equilibria of DMPA
in the balk and in the solvation sphere of the metal ion.

(1) Umebayashi Y., Matsumoto K, Watanabe M., Ishiguro S., Phys. Chem. Chem. Phys., 2001, 3, 5475-5481.

(2) Umebayashi Y., Matsumoto K., Mekata L., Ishiguro S., Phys. Chem. Chem. Phys., 2002, 4, 5599-5605.
(3) Umebayashi Y., Matsumoto K., Mure Y., Zhung Y., Ishiguro S., Phys. Chem. Chem. Phys., in press.
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Specific Cation Effect on Quenching Reactions of Excited Tris(2,2’-
diimine)ruthenium(Il) and Tris(2,2’-bipyridine)chromium(III) by
Negatively Charged Complexes in Aqueous Solutions

Munetaka Iwamura, Takuhiro Otsuka and Youkoh Kaizu
Department of Chemistry, Tokyo Institute of Technology
2-12-1 O-okayama, Meguro-ku, Tokyo 152-8551, Japan

E-mail; totsuka@chem.titech.ac.jp

Specific salt effects were studied on the quenching reaction of excited Tris(2,2’-diimine)ruthenium(II)
and Tris(2,2’-bipyridine)chromium(III) by various negatively charged complexes in aqueous solutions
as a function of alkali metal ions which were added for adjustment of ionic strength. The value of
quenching rate constants, kg, and energy transfer rate constant, k;, in encounter complex are changed by
the cations as order of Li* > Na* > K* = Rb* = Cs*.['! The order of quenching rate constant obtained in
this work is quite different from the order of salt effect which was obtained in the electron transfer

reaction between anionic complexes (Li* < Na* < K* < Rb* < Cs*). @

1) M.Iwamura, T.Otsuka, Y.Kaizu, Inorg.Chimi.Acta, 333 (2002) 57.
2) J.C.Sheppard, A.C.Wahl, J.Am.Chem.Soc. 79 (1957) 1020.
L.Gjertseu, A.C.Wahl, J. Am.Chem.Soc. 81 (1959) 1572.
A.C.Wahl, Z.Elektrochem. 60 (1960) 90.
P.D.Metelski, T.W.Swaddle, Inorg.Chem. 98 (1999) 301.
H.K.Tanaka, Y.Sasaki, K.Saito, Inorg.Chimi.Acta 210 (1993) 63.
L.-Z.Cai, D.M.Kneeland, A.D.Kirk, J.Phys.Chem. 101 (1997) 3871.
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Cleaning of Photoresist and Etch Residue from Low-k Dielectrics using

Supercritical CO,

Mr. Bilewu Mobolarinwa Olufemi

Centre for Applied Science And Technology, Nigeria

The traditional ash and wet cleaning technologies are facing challenges as the industry moves
towards porous low-k material with higher aspect ratios and dual damascene Cu technology.
The traditionally oxygen based ash technology will damage porous (and even dense) carbon
containing dielectric materials and the high surface tension of liquid based wet clean solvents
will not be able to reach into the high aspect ratio vias as the critical dimensions are reduced
to less than 0.10 pum. Wet clean solutions potentially cannot be removed from the porous
material, or leave residue behind. The use of SCCO; as a cleaning solvent for removing
photoresist and etch residue from semiconductor wafers is a novel approach to cleaning
porous low-k dielectrics. The process can combine both the ash and wet clean into one step
and also eliminates the need for an additional drying step. By adding only small amounts (less
than 30 ml per wafer) of co-solvent the process also reduces the materials cost for cleaning,
while providing an environmentally clean process. The SCCO, process is developed on small
(1 x 1.5 cm) wafer pieces mounted in a high pressure chamber. The chamber is heated and
filled with liquid carbon dioxide and then pressurized to the desired pressure. A co-solvent
mixture is injected and the cleaning takes place. It is also possible to perform several
cleaning/rinsing steps after each other, with each step typically taking less than two minutes.
The wafer pieces are examined by optical microscope and SEM. It will be shown that the
SCCO; process can be successfully applied to a variety of process technologies ranging from
front end applications, such as removing photoresist and residue from ion implant wafers, to
dual damascene structures with Cu and porous low-k dielectrics. We will also show how the
process can be used to repair low-k dielectrics damaged by an ash process. This is done by
restoring not only the hydrophilic surface but also the bulk material and removing trapped
moisture by extraction into the supercritical fluid. It is clear that the SCCO; process can
replace both the traditional ash and wet clean technologies. Besides being compatible with the
newest materials and technologies it will also dramatically reduce the amounts of solvents and
water used. The process is a modular approach: it can be used as a stand alone application
with up to eight modules on a central handler, or it can be combined with an etch tool,
scrubber or metal deposition tool. This will allow both the footprint and cost of equipment in
the fabs to be significantly reduced.
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A Microscopic Simulation of the Viscous Flow of Colloids

Ian Snook

RMIT, Department of Applied Physics, GPO Box 2476V,

Melbourne, Victoria, Australia, 3001

We present the results of a fully microscopic simulation of the viscous flow of a colloidal
suspension. Both the particles of the dispersed phase and those of the suspension medium
were treated explicitly by representing the system as a mixture of large and small particles
interacting via a short ranged potential energy function. The shear flow of this system was
simulated by use of the Non-equilibrium Molecular Dynamics (NEMD) method using the
SSLOD equations of motion using Lees-Edwards periodic boundary conditions with a
Gaussian thermostat to remove the heat generated. The systems investigated were
approximately neutrally buoyant suspensions with a variety of suspended particle to
suspension particle size ratios and suspended particle volume fractions, ¢. The zero shear rate
viscosity coefficient, 1o was found to be well described by the Einstein relation up to ¢ = 5%
whereas the Batchelor relation was found to be accurate up to ¢ = 13%. Also 1 is shown to
depend only on ¢ over the whole range of volume fractions studied here in contrast to our
previous work on particles which different in mass but not in size. Shear thinning is observed
in all these suspensions at high shear rate and a decomposition of the shear viscosity into its

various components is given in order to interpret the mechanism of this shear thickening.
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Phosphate ester hydrolysis promoted by novel di- and trinuclear Zn(II)

complexes with macrocyclic ligands

Carla Bazzicalupi, Andrea Bencini, Emanuela Berni, Claudia Giorgi, Barbara Valtancoli

Dipartimento di Chimica, Polo Scientifico, Universita di Firenze, Via della Lastruccia 3,

50019, Sesto Fiorentino, Firenze, Italy. E-mail: andrea.bencini @unifi.it.

Macrocyclic ligands with a large number of donor atoms and cavities of appropriate shape
and dimension may be able to hold two or more Zn(II) ions in close proximity, mimicking the

multinuclear metal arrays at the active sites of several hydrolytic enzymes.
A potentiometric study on Zn(II)

N N
O O [ ) binding by ligands L1-L4 reveals that
N N N N
<- L1 and L2 form stable dinuclear Zn(II)
HN o Q_)E\ H . . .
\_Q/N\;J > E ﬁ complexes in aqueous solution, while L3
] HN__NA  and L4 can also give trinuclear Zn(II)
ne 3 ll:; HN NH n=1,13  gpecies.' The coordination environment
- \Hn n=2, L4 P )

of the metals is not saturated by the ligand donors, and, therefore, these complexes may
behave as receptors for exogenous species. At the same time, facile deprotonation of
coordinated water molecules occurs at neutral or slightly alkaline pHs to give Zn-OH
functions. Actually, these complexes are able to promote the hydrolysis of bis-p-nitrophenyl
phosphate (BNPP), through a mechanism involving a bridging coordination of the phosphate
ester to two Zn(II) ions and simultaneous nucleophilic attack of a Zn-OH function to
phosphorous. The different activity of the complexes in BNPP hydrolysis is discussed in

terms of number of coordinated Zn(II) ions and coordination sphere of the metals.

1) For ligand synthesis see: C. Bazzicalupi, A. Bencini, E. Berni et al. J. Org. Chem. 2002, 67, 9107 and Dalton
Trans., 2003, 793.
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Monitoring the reactions of polymers by MALDI-TOF Mass Spectrometry
Sandor Kéki', Mikl6s Nagy', Gysrgy Desk', P4l Herczegh?, Albert Lévai®, Mikl6s Zsuga'*

! Department of Applied Chemistry,’Department of Pharmaceutical Chemistry, 3Department
of Organic Chemistry, University of Debrecen, H-4010 Debrecen, Hungary

MALDI-TOF MS characterizations of different telechelic polyisobutylenes such as
dihydroxy, bis(imidazole-1-carboxylate) and diamino functionalized PIBs will be presented.
The synthesis of dihydroxy PIBs were achieved via epoxidation of a,0-
di(isobutenyl)polyisobutylene. The epoxidation was carried out at room temperature with
dimethyldioxyrane (DMD), which proved to be a very effective reagent for the epoxidation
without formation of side products. A very good agreement was found for the conversion
determined by 'H-NMR and MALDI MS. The kinetics of the reaction of 0,0~
di(isobutenyl)polyisobutylene with DMD will also be presented. The epoxy end-groups were
converted quantitatively to aldehyde termini using zinc bromide catalyst, then the aldehyde
groups were reduced with LiAlH4 into primary hydroxyl functions to obtain o,®-di(2-methyl-
3-hydroxylpropyl)polyisobutylene. The bis(imidazole-1-carboxylate) functionalized PIBs
were produced from their corresponding dihydroxy derivatives. The dioamino terminated
PIBs were obtained from the bis(imidazole- 1-carboxylate) endfunctonalized polyisobutylenes.
The MALDI-TOF MS spectrum of the bis(imidazole-1-carboxylate) telechelic
polyisobutylene recorded in the linear (a) and in the reflectron (b) mode is shown below.
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INTERACTIONS OF URIC ACID - CONSEQUENCES FOR URIC ACID
UROLITHIASIS

KRON, L, MILICHOVSKY, L.

Institute of Medical Chemistry and Biochemistry, and Department of Urology, Medical
Faculty, Tr. SNP 1, 040 66 Kosice, Slovakia kronivan@central. medic.upjs.sk

The interactions of uric acid with some metabolites found in urine could have a
significant effect on the solubility of uric acid in urine.

In the in vitro experiments, solubility of solid uric acid in saline solutions with ionic
strength 0.15 (NaCl) was determined at 37 °C in a percolation cell [1] without or with the
presence of several metabolites found in urine. Urea [2], glucosamine [3], and hippuric acid
were studied more thoroughly changing their concentrations and initial pH of solutions.
During kinetic measurements which lasted up to 24 h, pH in the solutions was monitored and
at different time intervals the samples were taken for UV spectra and uric acid concentration
determinations. The most peculiar behaviour showed uric acid in the solutions of urea, but
some kind of interactions were also recorded in solutions with glucosamine, hippuric acid,
formaldehyde [4] and glyoxalic acid. Computer modelling was used to characterize the uric
acid interactions with urea, glucosamine, and hippuric acid.

The authors discuss their results in the view of uric acid urolithiasis as a protecting effect

of some metabolites on formation of uric acid stones through increased solubility of uric acid.

Acknowledment
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Novel Approaches to the Structure of Functional Solvents and
Elementarorganic Compounds with Saturated Hydrocarbon Ligands and
their Solvates in Binary Systems

Alexei K. Baev

Institute of solution chemistry RANS, 1 Academicheskaya str., Ivanovo, 153045, Russia,
E-mail: alexeibaev@mail.ru

Hydrogen bond gives prominence in particular at examination of associated interaction in liquid solvents
and functional solvents (CH;0H, C,HsOH, MF — methylformamide, DMF — N,N-dimethylformamide), but the
specific intermolecular interactions in liquid saturated hydrocarbons of different classes and alkyl compounds of
main group elements are not discussed. The thermodynamic properties are frequently used as the only origin for
determination or evaluation of the intermolecular interaction energy in liquid compounds.

Illustrating this state by small number of examples, we pay attention to the fact that compounds with
hydrogen bonds in liquid state differed essentially in evaporation enthalpies have close and even reduced
enthalpy values in comparison with those for compounds, to which non-specific intermolecular interactions are
ascribed.

Hzo CszOH C5H|o Zn(CH;)z AI(CH3)3

A, H°,XJ-mol™ 37.43 4331 25.77 30.40 41.30

The theory of associated liquids must solve the problem of principle disposition — to substantiate the
structure and type of intermolecular interaction. This problem is very complicated, but its solution, in case of
saturated organic compounds, functional solvents, compounds of non-transition elements with saturated
hydrocarbon ligands, allows finding out the liquid state structure, nature of solvation process and determining
energies of specific intermolecular interaction on the base of thermodynamic properties of one and two
component liquids.

It is achieved on the base of the following regulations:

v substantiated refusal from sp’-hybridization in CH, and molecules of elementorganic compounds with
alkyl ligand;

v additional orbital dative type interaction in electron structure of main group element compounds with
saturated hydrocarbon ligands and their coordination derivatives;

v pentacoordinated carbon atom in specific intermolecular interactions;

v employment of all bond vacancies in structure of molecules;

v enthalpy and entropy of evaporation are interconnected with number and energy of specific

intermolecular interactions.
Besides, examinations of structures and specific intermolecular interactions in binary solution are based upon

the Krestov’s idea about predominant influence of component structure with some field choice.

The results of quantum chemical calculations of AI(CH3); structure are the base for refusal from sp"‘-
hybridization, which are used for conception development of dative bonding between carbon atom of alkyl
ligand and central atom “A” of comlex AR, It is also established that:

v valent 2s%(C)-electron pair remains essentially localized on carbon atom even in CH4 molecule and only
two of four valent electrons of atom “C” situated on its three valent AO 2p,, 2p,, 2p, take part effectively in
hypervalent bonding with all of four hydrogen atoms;

v carbon atom of bridge CH;-group (in particular Al,(CH;)¢) forms the fifth coordination with second
atom “A” by dative mechanism using own valent electron pair and vacant orbital of central atom “A”. This
principle correlates with the results of X-ray investigations of alkyl compound structures.

The possibilities of structural approach to thermodynamic analysis of solutions of binary alkyl systems,
choosing distinctive solvates structures for each system and determination of energy of intermolecular
interactions with participation of pentacoordinated carbon atom are discussed.

In the report we discuss a different types of specific intermolecular interactions with participation of
pentacoordinated carbon atom of functional solvents (FA, NMF, DMF, DMSO) and calculated energies of
hydrogen bonds in formamide (16.16 kJ-mol™), and N,N-dimethylformamide (23.75 kJ-mol™).
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Solution chemistry of dialkyltin(IV) - peptide interaction:
equilibrium and structure

T. Gajda®, A. Jancsé®, B. Henry®, P. Rubini®

“Department of Inorganic and Analytical Chemistry, University of Szeged, H-6701 Szeged
P.O. Box 440, Hungary, e-mail: gajda@ chem.u-szeged.hu, *Laboratoire de Chimie Physique
Organique et Colloidale, Université Henri Poincaré - Nancy 1., B.P. 239, F-54506, Nancy,
Cedex, France

Equilibrium and solution structural studies on the interactions of the highly toxic
organotin(IV) cations with potential binders of biological fluids and tissues, or their low
molecular weight mimics, may furnish essential details about (i) the solution state
organotin(IV) compounds (ii) their possible transformations in the organism, (iii) their bio-
availability and (iv) their interference into different physiological processes. Here, we report
equilibrium and solution structural investigations on the complex formation of
dimethyltin(IV) cation with a series of peptides and peptide-like compounds, by varying the
side-chain and terminal donor groups [1-5]. Except of those, containing no terminal
carboxylate group (e.g. glycyl-histamine [2]), in all cases {X,N,COO} coordinated
complexes (X = NHj, R-O7, Ph-O7, S7) have been found to be dominant in the neutral pH
range. Thus, our results provided the first example, that alkyltin(IV) cations are able to
promote the deprotonation of the peptide-nitrogen in aqueous solutions, at unexpectedly low
pH. For the ligand with X = NH;, , R-O™ or Ph-O", the amide deprotonation is promoted by the
terminal carboxylate as anchoring group. The "N-terminal” thiol group induces fundamental
changes: the primary binding site, and thus the anchoring group for the amide nitrogen
deprotonation is the thiolate group [5]. The slow ligand-exchange processes of the amide-
coordinated species allowed their structural characterisation by NMR: they possess trigonal
bipyramidal structure, with equatorial position of the two methyl groups, which is not altered

by the side-chaine donor groups (imidazole [2] or carboxylate [3]).

n B. Gyurcsik, N. Buzas, T. Gajda, L. Nagy, A. Vertes, K. Burger, Z. Naturforschung, 1995, 50b, 515.
[2] P. Surdy, P. Rubini, N. Buzas, B. Henry, L. Pellerito, T. Gajda, Inorg. Chem., 1999, 38, 346.

[3] A. Jancsé, B. Henry, P. Rubini, Gy. Vanké, T. Gajda, J. Chem. Soc. Dalton Trans., 2000, 1941.

(4] A. Jancs6, T. Gajda, A. Szorcsik, T. Kiss, B. Henry, P. Rubini, J. Inorg. Biochem., 2001, 83, 187.
(5] K. Gajda-Schrantz, A. Jancsé, C. Pettinari, T. Gajda, submitted to J. Chem. Soc. Dalton Trans.
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Hydrolytic cleavage of ribonucleotide monophosphates and
polyribonucleotides by homo- and heterodinuclear metal complexes of a

cyclohexane-based polyamino polyalcohol ligand

Attila Jancs6', Satu Mikkola', Harri Lonnberg,' Tamés Gajda?, Kaspar Hegetschweiler®

!Department of Chemistry, University of Turku, FIN-20014 Turku, Finland,
e-mail: attila.jancso@utu.fi; 2Departmem of Inorganic and Analytical Chemistry, University
of Szeged, H-6701 Szeged, P.O. Box 440, Hungary; 3Anorganische Chemie, Universitit des
Saarlandes, Postfach 15 11 50, D-66041 Saarbriicken, Germany

The cleavage of phosphoester bonds of biomolecules in the living organisms are
catalysed and mediated by phophoesterase enzymes that contain, in many cases, two or three
metal ions in their active sites. The modelling of these centers by dinuclear (or trinuclear)
metal complexes of low molecular weight ligands has been in the focus of bioinorganic-
bioorganic research.

Aiming the development of functional phosphodiesterase models we investigated the
activity of homo- and heterodinuclear copper(Il) and zinc(Il) complexes of 1,3,5-trideoxi-
1,3,5-tris(dimethylamino)-cis-inozitol (tdci) on the hydrolytic cleavage of different mono- and
diribonucleotide monophosphates and polyribonucleotides. The dinuclear copper(Il)
complexes of the ligand (1.1'10” M) induced 5-25000 fold rate enhancement on the
hydrolysis of nucleoside-2’,3’-cyclic-monophosphates whilst remarkable base and
regioselectivity was also observed. Even higher rate enhancement was found in the solutions
containing copper(Il) and zinc(Il) ions and tdci in equimolar ratio. In contrast with the
homodinuclear species the ternary system efficiently promoted the cleavage of several
dinucleotides (ApA, UpU, UpA, ApU) that suggests that a certain step of the mechanism
(very likely the departure of the leaving group) is better catalysed by the heterodinuclear
complexes. At 35 °C the half-life time of ApA decreased form ca. 4 years to 12.5 hours. Rate
acceleration for the hydrolysis of polyribonucleotides amongst mild conditions was also

observed in the ternary system.

This research has been supported by a Marie Curie Fellowship of the European Community
program ,Improving the Human Research Potential and the Socio-Economic Knowledge
Base”, contract number ,, HPMF-CT-2002-01860".
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Bis-(3-Hydroxy-4-pyridinonate) Derivatives and Metal complex Formation
Equilibria

M. Amélia Santos§, and Etelka Farkast

§ Centro de Quimica Estrutural, Instituto Superior Técnico, Av. Rovisco Pais, 1049-001
Lisboa, Portugal. email: masantos@ist.utl.pt
f Depart. of Inorg. and Analytical Chemistry, University of Debrecen, H-4010 Debrecen,
Hungary.

In recent years considerable effort has been directed towards the development 3-hydroxy-4-
pyridinones (3,4-HP) as metal chelating agents for medicinal applications. In fact, due to their
high affinity for specific metal ions, they can be potentially used either as decorporation
agents for certain metal ions (e.g. Fe and Al can accumulate in man and be responsible for
serious diseases) or for chemotherapy or diagnosis, when complexed with radio-metals (e.g.
6768Ga, '] and ¥'Cu).

As part of an ongoing project, we have explored the effect of the polydenticity of 3,4-HP’s
and the presence of extra functional groups, to account for improving the chelating affinity
and the biological interaction, respectively. Accordingly three bis-hydroxypyridinone
derivatives were designed. They have two of those binding unities coupled to two carboxyl
groups of three different backbones, which differ in topology and the number/type of extra-
functional groups.

Herein, we present and discuss the results of a set of equilibrium studies, performed in
aqueous solution, for the characterization of these three compounds, namely in terms of their
acid-base and lipo-hydrophilic properties, the evaluation of their binding affinity towards a set
of M** (M = Cu, Ni, Zn), and M* (M = Fe, Al, Ga) ions and the estimation of the
coordination modes. These studies are based on potentiometric and spectroscopic (UV-Vis,
NMR and EPR) measurements. The discussion of the results is based on comparison of the
different frameworks and extra-functional groups, on reported data for mono-derivatives.

Acknowledgement: We thank to the Portuguese FCT (project POCTI/35344/00), the
Hungarian-Portuguese Intergovern. program and the COST D21/001 program for financial
support.

(1) Santos, M.A., Coord. Chem. Rev. 2002, 228, 187.
(2) Epstein, N.A.; Norton, J.L.; Vogels, C.M.; Taylor, N.J.; Wescott, S.A., Aust. J. Chem.
2000, 53, 687.
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Enhanced conformational changes of DNA in the presence of Mercury(II),
Cadmium(II) and Lead(II) porphyrins in aqueous solution

Masaaki Tabata Ashish Kumar Sarkar and Elvis Nyarko

Department of Chemistry, Faculty of Science and Engineering, Saga University
1 Honjo-machi, Saga 840-8502, Japan (tabatam@cc.saga-u.ac.jp)

The interactions of the metalloporphyrins of tetrakis (1-methylpyridinium-
4yl)porphyrin ([M(TMPyP)]“* where M=Hg(II), Cd(II) and Pb(Il)) with pBluescript II
plasmid DNA have been studied by the measurements of circular dichroism (CD), UV-visible
and fluorescence spectra at 0.1 M NaNO;, pH 7.5 and 25°C. The CD spectra of the DNA
changed quite significantly, with the conformational changes in the presence of the
metalloporphyrins being much more enhanced compared to that of their free metal ion
counterparts. The conformational changes of DNA upon binding to the Hg(II) porphyrin and
Hg(II) were, however, different from those of the Cd(II) porphyrin, Pb(II) porphyrin, Pb(II),
Cd(I) and Hz(TMPyP)‘“. In the concentration range of 0 - 2.30 x 10° M of DNA, the
absorption spectra of Hy(TMPyP)** showed substantial hypochromicity at 423 nm and a red
shift of AL = 16 nm in the presence of DNA whereas the Hg(II)-, Pb(II)- and Cd(II)
porphyrins showed blue shifts of absorption maximum wavelengths of AL = -17 nm, AL =- 35
nm and AL = -4.5 nm, respectively. Furthermore, the shifted absorption maximum
wavelengths/nm of the porphyrins in excess amount of DNA were comparable; 438, 439, 440
and 440 for Hy(TMPyP)*, Hg(II)-, Pb(Il)- and Cd(II) porphyrins respectively. The changes
in absorption spectra for Hg(I)-, Pb(II)- and Cd(II) porphyrins revealed that these
metalloporphyrins dissociated upon binding to DNA which was confirmed by CD as well as
fluorescence spectra. The CD results, UV-visible and fluorescence data indicate that the
metalloporphyrins interact differently with DNA based on their binding modes. And the
enhanced changes in conformation of DNA in the presence of the metalloporphyrins are due
to the synergistic effects of the simultaneous binding of the metal ions and free base porphyrin
to DNA compared to their free metal ion counterparts:

[M(TMPyP)]** + DNA + 2H+ [ M(I(DNA)H2 (TMPyP# |

Ellipticity / mdeg

R= —Ni-_CH -5 Tl _ ik _ ik
— e

CD spectral changes of DNA with Hg(TMPyP)**.
M(TMPyP)*
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The first reported Ru(III) hydroxamate complexes — speciation studies,
structures and comparison with Fe(III) - hydroxamates

Krystyna A. Krot-Lacina®, Jedd Comiskey®, Etelka Farkas®, Kevin B. Nolan®

“Department of Chemistry, Royal College of Surgeons in Ireland, 123 St, Stephen’s Green,
Dublin 2, Ireland
E-mail: kkrotlacina@resi.ie.
Department of Inorganic and Analytical Chemistry, University of Debrecen, H-4010
Debrecen, Hungary

Hydroxamic acids are a family of weak organic acids of general formula, RC(O)NHOH
and are found naturally in microbial siderophores where their chelating ability is utilised in
the uptake of iron'. It was recently shown that hydroxamic acids are nitric oxide donors by
their ability to react with ruthenium(IIl) complexes forming ruthenium(Il) nitrosyls and
physiologically to cause vascular relaxation of rat aorta by activation of the haem enzyme
guanylate cyclase’.

Reaction of K[Ru"'(Hedta)C1]-2H,O with various phenylhydroxamic acids, R- PhaH, in
aqueous solution affords the hydroxamate complexes [Ru™(H,edta)(R-Pha)]-xH;0, the crystal
and molecular structure of one of which i.e. hydrated [Ru"(Hedta)(2-OMe-Pha)] has been
determined. In this complex, the carboxylato groups of the tetradentate Hjedta are trans to
each other and the amino nitrogen and hydroxamate oxygen donor atoms are roughly
coplanar. Addition of R-PhaH to the binary Ru" — edta complex in aqueous solution resulted
in [Ru(edta)R-Pha]® as the major species at pH 4-7. At higher pH the hydroxamate NH
groups in these complexes undergo deprotonation to give the hydroximato complexes
[Ru''(edta)R-PhaH.]* as the major species at pH 7-11. This deprotonation, which has been
reported in only a few previous cases is accompanied by marked shifts to longer wavelengths
in the ligand to metal charge transfer bands. At pH>10 hydrolysis is observed and give
[Ru"'(edta)(R-PhaH.;)OH]* in which an edta carboxylato group has been replaced by
hydroxide ion. Formation constants for the various species in solution are reported.

&0

HO—| .
Y " Y
o

o

The affinity of Pha for [Ru(edta)H,O] (hexacoordinated) is much greater than for
[Fe(edta)H,O] (heptacoordinated) but this is undoubtedly due to differences in charge and
coordination numbers of the immediate coordination environments rather than intrinsic
affinity differences between Ru(III) and Fe(III) for hydroxamate ligands.
Acknowledgements: We thank the EU Fifth Framework Copernicus 2, COST and Enterprise
Ireland for financial support.
1 A. L. Crumbliss, Coord. Chem. Rev., 1990, 105, 155-179; B. Kurzak, H.
Kozlowski, E. Farkas, Coord. Chem. Rev., 1992, 114, 169.
2) C. J. Marmion, T. Murphy, J. R. Docherty, K. B. Nolan, Chem. Commun., 2000,
1153-1154.
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Electrospray Ionization Mass Spectrometry

in Studies on Aluminium(IIl)-Ligand Solution Equilibria

Valerio Di Marco®, G. Giorgio Bombi®, Michela Tubaro®, Pietro Traldi®

@ Universita degli Studi di Padova, Dipartimento di Chimica Inorganica, Metallorganica ed
Analitica, via Marzolo 1, 35131 Padova (Italy) — Email: g.g.bombi@unipd.it

b CNR, Istituto di Scienze e Tecnologie Molecolari, Corso Stati Uniti 4, 35100 Padova (Italy)

The application of electrospray ionization mass spectrometry (ESI-MS) in the study of
aluminium(IIl)-ligand solution equilibria was examined. The advantages and the possible
limitations were reviewed.

As an example, ESI-MS was used to study the complex formation between AI(III) and the
two ligands 4-hydroxy-3-pyridinecarboxylic acid and 3-hydroxy-4-pyridinecarboxylic acid.
The results were compared with the speciation data obtained from potentiometric, UV-vis,
and NMR measurements. A very good agreement was obtained for the number and for the
stoichiometry of the main species in solution, while their relative concentrations were found
to be significantly different. This suggests ES-MS to be a powerful qualitative technique for
the study of any aluminium(III)-ligand systems, even for very complicated ones, but on the

other hand the accuracy of ESI-MS quantitative data is still questionable.
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Interactions of Histone H2A Peptides with Cu(II) and Ni(II).
Hydrolysis and Oxidative Properties of the Species Formed.

Marios Mylonas,* John Plakatouras,” Nick Hadjiliadis®, Artur Krezel,” and Wojciech Bal®

®University of loannina, Department of Chemistry, Ioannina 45110, Greece.
E-mail: nhadjis@cc.uoi.gr

bFaculty of Chemistry, University of Wroclaw, 50-383 Wroclaw, Poland.

The last years we have been intrigued by the coordination chemistry of peptides modeling the
C-terminal of histone H2A with toxic metals.! The hexapeptides AcTESHHKNH,, and
AcTESAHKNH, which represent modifications of the 120-125 sequence of H2A were
synthesized and their interactions with Cu(Il) and Ni(II) ions were studied. Both of them
interact strongly with the metal ions in a wide range of pH.

At physiological or higher pH hydrolysis of the hexapeptides occurs. The tetrapeptides
SHHK-NH; and SAHK-NH; produced, were synthesized by standard techniques and their
interactions with Cu(II) and Ni(II) were also studied.

It was found that the dominant complex CuH L with hexapeptide -TESHHK- at pH 7.4
promotes efficiently the oxidation of dG with a transient formation of substantial amounts of

8-0x0-dG, in the presence of H,O,.

(1) Mylonas M., Krezel A., Plakatouras J., Hadjiliadis N., Bal W., J. Chem. Soc., Dalton

Trans., 2002, 4296, and references cited therein.
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Simple blood tests of potentially insulin mimetic peroxovanadates

Andrés Gorzsés, Ingegiird Andersson, Lage Pettersson

Department of Chemistry, Inorganic Chemistry, Umea University, SE-901 87 Umed, Sweden.

Email: Andras.Gorzsas@chem.umu.se

Vanadium is known for its insulin mimetic effect, which is synergistically enhanced by
the addition of hydrogen peroxide, owing to the formatiop of peroxovanadates. Hence, the
nature of these compounds became the subject of diverse studies in chemistry and medicine.

Simple tests were carried out to
determine the stability of different
peroxovanadate complexes against human
catalase, the enzyme responsible for the
decomposition of hydrogen peroxide in
human blood. The purpose of the
experiments was to investigate if catalase
was able to recognize the peroxo ligand

bound to vanadium as its substrate. In other

words: could the introduced peroxovanadate 0 500 1000 1500 2000
complexes reach their target or would they me/minee

decompose, making the nature of the original compound irrelevant with respect to their actual
insulin enhancing effect? Solutions were prepared at pH = 7.4 in 150 mM Na(Cl) medium to
represent both the pH and ionic strength of human blood. A total vanadium concentration of
20 mM was applied with a two fold excess of both hydrogen peroxide and one of the
following ligands: picolinic acid (Pic), imidazole (Im), L-ci-alanyl-L-histidine (Alahis), L-Ct-
alanyl-L-serine (Alaser), citric acid (Cit) and lactic acid (Lac). Inorganic peroxovanadates
were also included for comparison. After the addition of a few drops of freshly taken human
blood, >'V NMR spectra were recorded at certain time intervals to monitor the changes and to
follow the loss of peroxide over time.

Results shown that the nature of the organic ligand plays an important role in the fate of

peroxovanadate complexes in blood. Their effect can be predicted to some extent from

speciation studies done under the same experimental conditions.
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Synthesis, proton and copper(II) complexes of a novel polyhistidine type
ligand

B. Gyurcsik?, A. Kolozsi®, I. Voskalna® and E. Larsen®

“Department of Inorganic and Analytical Chemistry, University of Szeged, Dém tér 7, H-6701
Szeged, P.O. Box 440, Hungary, e-mail: gyurcsik@chem.u-szeged.hu
bLatvian Institute of Organic Synthesis, Aizkraukles Str. 21, LV-1006 Riga, Latvia;
‘Chemistry Department, The Royal Veterinary and Agricultural University, Thorvaldsensvej
40, DK-1871 Frederiksberg C, Denmark

Histidines play an essential role in binding of biological

H

e.g. in metalloenzymes. Therefore the low molecular weight e

metal ions, either in small or macromolecular chelating molecules, ‘f:}
ot M

Ny
polyhistidine type ligands are of potential importance for use as §
3”:)4

model substances.

A novel branched oligopeptide type ligand (as shown in "
figure) was prepared by solid phase peptide synthesis. The ligand ‘ ”:,_{u
excerts eight primary protonation sites. As the pH potentiometric Y ’
titrations revealed, the pK values for the deprotonation processes © 9‘/\
of these donor groups are close to each other indicating no or weak /
interaction among them. In addition to ammine and imidazole e R He

nitrogens, in the presence of copper(II)ions the amide nitrogens m
may loose protons, as well. Combined potentiometric,
spectrophotometric and CD spectroscopic methods were utilized to investigate the speciation
and the structure of the copper(II)complexes formed in aqueous solution.

The possible catalytic property of the complexes was also checked in the DNA

cleavage assays.

This work has received support through SAPSTCLG97697 NATO Collaborative Linkage
Grant and from the Hungarian Science Foundation (OTKA T43232).
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Acid-base chemistry of folic acid, methotrexate and related bioligands
Zoltin Szakéics, Béla Nosz4l

Institute of Inorganic and Analytical Chemistry, Lordnd Eotvds University
H-1117 Budapest, Pdzmdny sétdny 1/a, e-mail: szakacsz@chem.elte.hu
Institute of Pharmaceutical Chemistry, Semmelweis University
H-1092 Budapest, Hogyes E. u. 9, e-mail: nosbel @ hogyes.sote.hu

Folic acid (pteroylglutamic acid, Bjo vitamine) and its reduction products play an important
role in cellular DNA and protein synthesis as biological methylation agents and carrier of C,
fragments. Folate antagonists, such as methotrexate, are antitumor drugs which block the key
enzyme of folate metabolism, dihydrofolate reductase.

Folic acid and methotrexate contain several moieties which may undergo acid-base reactions
in body fluids of various pH and permittivity. Protonation constants are widely used
thermodynamic parameters in structure-activity relationships as well as to interpret enzyme
binding and transport characteristics of bioligands. However, reliable basicity data are not
readily available in the literature for these pteridine derivatives, mainly because of their poor
water solubility at pH < 5.

In our study, several experimental methods have been applied to determine all protonation
constants of folate, N'°-methyl-folate, 4-amino-folate, methotrexate and their ,,building
blocks”: pteroic acid, DAMPA and N-(4-aminobenzoyl)-glutamic acid. To overcome the
solubility problem, potentiometric titrations have been carried out in various DMSO/water
solvent mixtures and the protonation constants for the pure aqueous state were obtained by
extrapolation. To verify the results, UV spectrophotometric and capillary electrophoretic

titrations have also been performed at 10~*-107> M concentrations in aqueous solutions.
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Quantitative NMR Spectroscopy — An excellent tool
Lage Pettersson

Department of Chemistry, Inorganic Chemistry, Umed University, SE-901 87 Umed, Sweden
Email: Lage.Pettersson@chem.umu.se

One part of our research deals with inorganic polyoxometallates, so-called iso- and
heteropolyanions, which have found many applications in catalysis, analysis, biochemistry,
medicine etc. The other part comprises the complexation of vanadium to organic ligands that
are significant from a biological point of view. Our goal is to determine speciation, dynamics
and structures of complexes formed in aqueous systems. We have found that a combination of
potentiometry and different NMR-spectroscopy techniques is a very powerful tool, making it
possible to fulfil the goals. To establish the speciation, we use the computer program LAKE
[1], which is designed to simultaneously treat multimethod data.

Recently, we have focused on peroxomolybdate and peroxovanadate systems.
Peroxomolyb-dates have e.g. found applications in the bleaching process for kraft pulp
(selective delignification). Peroxovanadates have received wide attention mainly due to their
insulin-mimetic behaviour.

Our studies of the peroxomolybdate [2,3] and peroxomolybdophosphate [4] systems
have been performed in 0.300 M Nay(SO,) medium, since Na* and SO42' are the most
common ions present in the bleach processes. The peroxovanadate systems [S5] have been
studied in 0.150 M Na(Cl) to represent the conditions in human blood.

The strength of using quantitative NMR data for establishing the speciation will be
exemplified from these systems. Some structural and dynamic results obtained from NMR

measurements will also be addressed.

[1] N. Ingri, I. Andersson, L. Pettersson, A. Yagasaki, L. Andersson, K. Holmstrém. Acta Chem.
Scand. 50 (1996) 717-734.

[2] F. Taube, M. Hashimoto, I. Andersson, L. Pettersson. J. Chem. Soc., Dalton Trans. (2002) 1002-
1008.

[3] F. Taube, I. Andersson, I. Téth, A. Bodor, O. Howarth, L. Pettersson. J. Chem. Soc., Dalton Trans.
(2002) 4451-4456.

[4] F. Taube, 1. Andersson, S. Angus-Dunne, A. Bodor, 1. Téth, L. Pettersson. Dalton Trans. (2003) In
Press.

[5] L. Pettersson, 1. Andersson, A. Gorzsés. Coord. Chem. Rev. 237 (2003) 77-87.
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Recent Progress in Peroxopolyoxometallates
Masato Hashimoto

Department of Material Science and Chemistry, Faculty of Systems Engineering, Wakayama
University, Sakaedani 930, Wakayama 640-8510, Japan,
e-mail:mh1043@sys.wakayama-u.ac.jp

The basic chemistry of peroxopolyoxometallates (PPOMs) is still underdeveloped
mainly due to difficulty in controlling peroxoide contents, complexity of the system and
instability of the complex formed, while their use in e.g. oxidation reactions, pulp bleaching
and metal oxide precursors is well-known. The author has been working with both speciation
works in solutions and synthetic and structural chemistry of PPOMs. Here will be discussed
structural features of the PPOMs obtained recently at our laboratory, and their relationship to
the species found in solutions.

[Peroxopolyoxomolybdate - dimolybdate as a building unit]

The authors found novel peroxoisopolymolybdates such as [M0202(02)4(0H)2(0H2)2]2',
three isomers of [M0406(02)g]4‘ and a spiral polymer of [M0203(02)4(0H2)]2' recently. All
these anions have well-known [M0203(02)4(0H2)2]2', formed in the solution in wide range of
conditions, as a building unit. This dimer acts as a building unit even in known trimeric and
decameric peroxomolybdates, indicating a vast ability of this unit to construct a larger unit.
An '"O-NMR study is ongoing to elucidate the behaviour of the dimeric unit in solution.

[Peroxohetero- and isopolytungstate - tritungstate as a building unit]

There are some peroxoheteropolytungstates, e.g. [HSZW3O|4(02)3]3’ and
[H282W6023(02)4]4', having a W3 moiety as a building unit. Several novel peroxohetero- and
isopolytungstates have been obtained by the authors recently, and all of which have the W3
moiety as a building unit. This fact indicates the great ability of the W3 moiety. However,
this unit has not been identified in solutions, either by "O-NMR or by ESI-MS. An '"O-
NMR study is ongoing to clarify the relationship between obtained and proposed structures of

the peroxohetero- and isopolytungstates.
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Rational design of crystal tectonics driven by in-situ NMR

Francis Taulelle

NMR and Solid State Chemistry, Molecular Tectonics of Solid State FRE 2423,
University Louis Pasteur Strasbourg, France

Crystallogenesis of hydrothermally grown crystals has been a challenge for years due to the
difficulty of investigation of solution species. Furthering the mechanism of condensation was
thought to be inaccessible for a long time. Many attempts involving zeolite synthesis have
been unsuccessful.

Since few years we have developed the tools for in-situ observation of the on-going synthesis
inside specially designed “NMR hydrothermal tubes”.

The syntheses can therefore be completely followed from the mixture of reactants to the
crystal growth.

Several studies concerning nanoporous materials as AIPO4-CJ2, ULM-3 and ULM-4, SAPO-
34, titanium fluorophosphate —TiFP-, MIL-74 as well as aluminium polycations All3, Al30,
Al32 will be used to exemplify the experimental strategies allowing to establish the
mechanisms of crystal formation. The critical step to understanding the crystal tectonics is the
nucleation stage at which the infinite network is formed.

The condensation steps leading to the infinite network, the transformation of the network into
a crystal will be described and explained.

The relation between the crystal tectonics and the crystal topology is so strongly correlated
that the crystallographic structure can be deduced from its crystallogenesis. This is the basis
of crystal design and engineering.

Concerning polycations, their control is definitely more delicate than polyanions. The size
reached by the polyanionic objects of Miiller’s group is well beyond what is currently
achieved by the largest polycations known. However, we will show that the in-situ NMR
observation tools help to better control the chemical parameters that allow to increase the size
of the objects. All3, A130 and Al32 polycations produced under such internal control will

outline the proposed strategy.
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Model Polyelectrolytes: Electrostatic Self-Assembly and Nanotemplating
Franziska Grohn

Max Planck Institute for Polymer Research, Ackermannweg 10, 55128 Mainz
groehn@mpip-mainz.mpg.de

The synthetic design of nanostructures has recently come into focus due to the potential for
new “smart” materials. To be able to take advantage of such nanostructures, it is necessary to
create them in a controlled manner, understand formation mechanisms and properties. We
here investigate structure formation based on polyelectrolytes.

Polyelectrolytes are widely found in nature and applications and show special effects like the
increase of reduced viscosity upon dilution or the “extraodinary regime” with two diffusion
processes. However this class of substances is far from being fundamentally understood,
mainly due to a complex interplay of inter- and intramolecular interactions. Therefore, we
study polyelectrolytes of fixed geometry as model system. Only intermolecular interaction
plays a role and can be studied quantitatively. Polyelectrolyte microgels, small spherical
hydrophilic polyelectrolytes allowed us to investigate the formation of ordered domains in
solution quantitatively and conclude that the driving force of the effective attraction between
the like-charged macroions is electrostatic in nature and due to the counterions.'?

The interaction of polyelectrolytes and counterions is further used for the design of structures
on the nanometer length scale. The self-assembly of charged dendrimers with gold ions in
aqueous solution was used as precursor for the formation of dendrimer-templated inorganic
nanocrystals of a well-defined size. Small angle x-ray scattering (SAXS), small-angle neutron
scattering (SANS) and transmission electron microscopy (TEM) allow characterization of the
hybrid particles. Semiconductor quantum dots and solid composite materials can be obtained
via the same approach. Apart from yielding well-defined hybrid particles, dendrimers with a
size of 1 to 15 nm represent a model system covering the range from a typical low molecular
mass molecule to a typical polymer or colloid. Interestingly, the stabilizing mechanism
changes from classical colloid stabilization for the lower generation dendrimers to polymer
nanotemplating for higher generations. 35

Further, we use “electrostatic self-assembly” of macroions and counterions to form
supramolecular architectures. We use organic counterions of a certain geometry, both
monovalent and multivalent ones, in order to direct the structure of the assembly. Goal is a
fundamental understanding of the interaction forces influencing the self-assembly
(electrostatic, hydrophobic, stacking of aromatic compounds as well as geometric factors).

1. F. Grohn, M. Antonietti, Intermolecular Structure of Spherical Polyelectrolyte Microgels in Salt Free
Solution. 1. Quantification of the Attraction between Equally Charged Polyelectrolytes, Macromolecules
2000, 33, 5938.

2, M. Antonietti, A. Briel, F. Grohn, Spherical Polyelectrolyte Microgels in Salt Free Solution. 2.
Combined Analysis of Static Structure and Viscosity, Macromolecules, 2000, 33, 5950.

3. F. Gréhn, B.J. Bauer, C.L. Jackson, Y. Akpalu, E. J. Amis: Dendrimers as Templates for the Formation
of Gold Nanoclusters, Macromolecules, 2000, 33, 6042.

4. F. Grohn, G. Kim, B.J. Bauer, E.J. Amis: Nanoparticle Formation within Dendrimer-Containing

Polymer Networks: Route to new Organic-Inorganic Hybrid Materials, Macromolecules 2001, 34,
2179.

5. F. Grohn, E.J. Amis et al. : Organization of Hybrid Dendrimer-Inorganic Nanoparticles on
Amphiphilic Surfaces, Macromolecules 2002, 35, 4852.
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Supramolecular assemblies in liquids: structure, thermodynamics, and

macroscopic properties

Vladimir A. Durov

Department of Chemistry, Lomonosov Moscow State University, 119899, Moscow, Russia

E-mail: durov@phys.chem.msu.ru

New approaches to describing supramolecular structure, molecular thermal motion, and the
physicochemical properties of liquid mixtures on the basis of the generalized quasichemical
models of the processes, occurring in matter during molecular thermal motion have been
developed. Models of thermodynamic, dielectric, optical fluctuation and relaxation properties
of liquid non-ideal systems determined by the molecular parameters of a different nature are
constructed.

Methods for studying supramolecular ordering in liquids due to non-covalent intermolecular
interactions such as the hydrogen bonds, and describing of structure and properties of
aggregates, thermodynamics of their formation, and integral and differential parameters of
aggregation have been developed. The methods presented allow to studying long range
molecular correlations outside the nearest coordination shells, which are inaccessible to study
other experimental techniques.

For the first time long range molecular correlations in liquids, self-organised by H-bonding
were revealed. Structure, properties and thermodynamics of formation of supramolecular
aggregates consisting of tens of molecules of nanosizes are investigated. The comparison with
the computer simulation data is presented.

The macroscopic manifestations of supramolecular ordering in equilibrium and kinetic

properties of liquid systems and phenomena, proceeding in them are discussed.

References

1. V.A. Durov. J. Mol. Liquids. 103-104 (2003) 41-82.

2. V.A. Durov. Concentrated and Saturated Mixtures (monograph in Russian). M.: Science,
2002. P. 170-254.
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Hydration and Na*CI’ Pair Association in High-Temperature Aqueous

Solutions along Sub- and Supercritical Isotherms.

Ariel A. Chialvo and J. Michael Simonson
Aqueous Chemistry and Geochemistry Group. Chemical Sciences Division.
Oak Ridge National Laboratory. Oak Ridge, TN 37831-6110, U.S.A.

Email: chialvoaa@ornl.gov

An extensive molecular-based study of ion-pair formation in near-critical dilute aqueous
NaCl solutions is performed along three near- (super- and sub-) critical isotherms and from
liquid-like to steam-like densities [1]. The study encompasses the determination of the ion-
pair association constant via potential of mean force calculations. The main goal is to find
answers to some relevant questions regarding the thermodynamic and corresponding
microscopic behavior of the ion-pair formation at steam-like densities, where experimental
data are either scarce or extremely difficult to obtain accurately. In particular, we address the
density dependence of the ‘mean hydration numbers’ for the ion pair along a near-critical
isotherm, the accuracy of the dielectrically screened potential model for ion-pair association,
testing the adequacy of the intermolecular model to represent the actual ion-pair behavior in
steam, and assessing the hypotheses invoked in current theoretical development on the
modeling of ion association in steam-like solutions. Toward that end we make direct contact
between simulation, theoretical developments and experiment to aid the interpretation of

experimental data and their macroscopic modeling.
This research was sponsored by the Division of Chemical Sciences, Geosciences, and

Biosciences, Office of Basic Energy Sciences under contract number DE-ACO05-000R22725
with Oak Ridge National Laboratory, managed and operated by UT-Battelle, LLC.

1) Chialvo, A.A. and Simonson, J.M. , Journal of Chemical Physics 2003, 118. To appear in
issue of May 1.
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Volumetric Studies of Binary and Ternary Aqueous Solutions
Containing 2,2,2-Trifluoroethanol, Alcohols and Acetone
at Temperature 298.15 K and Pressure 101 kPa.

Z. ATIK and M. SASSI
University of Sciences and Technology Houari Boumediene
Faculty of Chemistry
P.O.Box 32 El-Alia, 16112 Bab-Ezzouar, Algiers, ALGERIA.
Fax: +213 21 247311, atik_zadjia@yahoo.fr

Aqueous solutions of trifluoroethanol have wide range of applications as cleaning agents,
reacting media, refrigerants and fuels. They have been selected and subjected to various
dynamic testing stability. Moreover, (trifluoroethanol+ alcohols, +glycol-ethers) solutions are
proposed and selected as organic working thermal fluids for heat engines, absorption pumps
and heat transformers. In bioengineering, trifluoroethanol and its water solutions are reported
as stabilizers for peptide helices.

In this work, we report precise experimental data of volumetric properties of homogeneous
binary and ternary liquid solutions containing 2,2,2-trifluoroethanol, methanol, ethanol,
propanol, butanol, hexanol, heptanol, acetone and water at 298.15 K and 101 kPa.

The mixing thermodynamic properties of the ternary aqueous solutions and of pseudo-binary
solutions are well fitted and predicted by various equations. The strong electronegative
inductive effects of the fluorine atoms in trifluoroethanol make it a better proton donor than
the alcohols. Water forms more hydrogen bonds than alcohols combing three-dimensional
links. Upon mixing, (trifluoroethanol+water+alcohol) solutions show strong self and cross-
associative behaviour. The Thermodynamic properties of theses systems will be further

correlated using calorimetric and vapour-liquid equilibrium data.
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Structure of Supercritical Aqueous Alcohol Binary Mixtures

Toshio Yamaguchi,® Koji Yoshida,® Makoto Shimohira,? and Michihiro Nagaob

’Department of Chemistry, Faculty of Science, Fukuoka University, Fukuoka 814-0180,
Japan, e-mail: yamaguch@fukuoka-u.ac.jp
bInstitute for Solid State Physics, University of Tokyo, Tokai 319-1106, Japan, e-mail:

mnagao@issp.u-tokyo.ac.jp

Supercritical methanol-water binary mixtures have been measured at 0.2, 0.3, and 0.4
methanol mole fractions as a function of pressure by Raman spectroscopy to investigate the
microscopic structure in terms of hydrogen bonding. Furthermore, small-angle neutron
scattering (SANS) measurements have been made on supercritical aqueous binary mixtures of
methanol and ethanol at 0.3 and 0.2 alcohol mole fractions, respectively, as a function of
temperature and pressure to determine the mesoscopic structure information, such as the
density fluctuations and the correlation length.

The pressure and concentration dependent Raman spectra of the stretching OH bands of
water and methanol have shown that the degree of hydrogen bonding at the reduced pressure
of unity changes to a large extent between the 0.2 and 0.3 mole fractions. The SANS data
were analyzed by using the Ornstein-Zernike equation to obtain the density fluctuations and
the correlation length as a function of pressure and temperature. It has been found that the
maxima of these parameter values lie on the extrapolated line from the liquid-vapor
equilibrium one to the supercritical regime; the result suggests that a trace of phase transition
between liquid and vapor is present even in the supercritical state. The density fluctuations
decrease as aqueous ethanol mixture > aqueous methanol mixture, but the correlation lengths
do vice versa. The present findings are discussed in connection with the solvent clusters and

reactivity in aqueous alcohol binary mixtures under the supercritical conditions.
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Development of High-Pressure Magnetic Resonance Imaging

for In-Situ Observation of Supercritical Fluid Solutions

Mitsuhiro Kanakubo, Tatsuya Umecky, Yoshio Masuda, Takafumi Aizawa, Yutaka Ikushima

Supercritical Fluid Research Center, National Institute of Advanced Industrial Science and
Technology (AIST), 4-2-1 Nigatake, Miyagino-ku, Sendai, Miyagi 983-8551, Japan
m-kanakubo@aist.go.jp

We have developed several kinds of high-pressure NMR cells for in-situ observation of
supercritical fluid solutions.' In order to monitor macroscopic behavior; in a high-pressure
cell directly, we newly present a multi-functional large-volume magnetic resonance imaging
(MRI) cell, of which the schematic drawing is given in Figure 1. A sample solution is located
in the cylindrical high-pressure cell and heated (or cooled) in three directions independently.
The high-pressure cell is installed into a MRI probe and used for acquiring a 2D or 3D image.
In the presentation, we will discuss the mixing process in two-component systems measured

by MRI in the absence and presence of convection flow.

high-pressure\PEEK cell sa/mple solution
b N / rerer] ,
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Figure 1. A schematic drawing of high-pressure MRI cell

References:

(1) Kanakubo, M.; Aizawa, T.; Kawakami, T.; Sato, O.; Ikushima, Y.; Hatakeda, K.; Saito, N.
J. Phys. Chem. B 2000, 104, 2749.

(2) Umecky, T.; Kanakubo, M.; Ikushima, Y.; Saito, N.; Yoshimura, J.; Yamazaki, H.; Yana,
J. Chem. Lert. 2002, 1, 118.

(3) Umecky, T.; Kanakubo, M.; Ikushima, Y. J. Phys. Chem. B 2002, 106, 11114.
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Variation of hydrogen bond strength with solute concentration in glassy

aqueous electrolyte solutions

Kazue YONEHAMA and Hitoshi KANNO

Department of Applied Chemistry, National Defense Academy, Yokosuka 239-8686, Japan.
E-mail:hkanno@nda.ac.jp

Although there have been many Raman studies of aqueous electrolyte solutions”, there have
been only a few devoting to glassy aqueous solutions>. Raman spectroscopy is a powerful
method for probing hydrogen bond strength in aqueous solutions. As glassy state represents
the liquid structure at the lowest temperature, it is interesting to see the structural changes of
glassy aqueous solutions with electrolyte concentration.

Here we have measured uncoupled Raman OD stretching spectra for a number of glassy
aqueous electrolyte solutions to see how the hydrogen bond strength varies with electrolyte
concentration. The uncoupled OD stretching Raman spectrum was decomposed into two
components by the least square curve fitting method. The frequency of the high frequency
component (v,) varies only a little with solute concentration while that of the low frequency
component (v;) decreases rather linearly with decrease in salt concentration expressed by R (R
= moles of water/moles of salt). It is evident that the high frequency component is mainly
ascribed to the uncoupled OD stretching vibrations of the water molecules directly hydrogen
bonded to anions. Perchlorate ion gives the highest vy, value and fluoride ion gives the lowest
vy value among the anions (F, CI, SO,%, NOj5’, acetate ion and ClOy) investigated. On the
other hand, every v, value decreases in frequency with decrease in salt concentration, heading
for the value (2440 cm™') of amorphous ice. We will compare the values with those for the

solutions at room temperature.

Irish, D. E.; Brooker, M. H., Advances in Infrared and Raman Spectroscopy, edited by Clark,
R.J. H. and Hester, R. E., Vol. 2, Heydon, London,1976, Chapt. 6.

Kanno, H.; Hiraishi, J. J. Phys. Chem., 1983, 87, 3664.

Kanno, H.; Ohnishi, A.; Tomikawa, K.; Yoshimura, Y., J. Raman Spectros., 1999, 30, 705.
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Thermodynamic model of dilute NaCl(aq) solutions in the critical region of
water

Josef Sedlbauer, Robert H. Wood

Department of Chemistry, Technical University of Liberec, Halkova 6, 461 17 Liberec, Czech
Republic Email: josef.sedlbauer@vslib.cz
Department of Chemistry and Biochemistry, and Center for Molecular and Engineering
Thermodynamics, University of Delaware, Newark, DE 19716, U.S.A.

Completely dissociated aqueous solutions of alkali halides are successfully modeled to about
500-600 K for instance by the ion-interaction equations'. At higher temperatures and
concentrations the ions associate to neutral molecules or clusters, calling for some “effective
chemical continuum” treatment such as that proposed by Anderko and Pitzer’. Neither
approach is, however, suitable for the intermediate region of near-critical temperatures and
low solution concentrations, where the ions are only partially associated and thermodynamic
properties are subject to rapid changes. A Helmholtz free energy model coupled with
chemical association was proposed recently3 for these systems. Standard state part of the
model applies the SOCW equation-of-state’ and the excess part comes from the Mean
Spherical Approximation. The model was used for simultaneous correlation of experimental
apparent molar volumes, apparent molar heat capacities and heats of dilution of dilute
NaCl(aq) solutions at temperatures from 573 K to 723 K and at concentrations where the
solutions are partially associated. Conversion from MacMillan-Mayer to Lewis-Randall
reference state was performed using the full expression given by Friedman®. Performance of
the model for data description is good, suggesting its application for other associating

electrolytes in a wide range of state conditions.

Acknowledgement: J.S. was supported by the Grant Agency of the Czech Republic, contract
No. 203/02/0080 and by Research Plan MSM 254100303. The Department of Energy is
acknowledged for support by grant DEFG01-89ER-14080.
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Sedlbauer, J.; Wood, R.H. J. Phys Chem. B 2003, submitted
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Theoretical Studies of Ethanol-Water Soluitions at Various Concentrations

Atamas A.A., Atamas N.A., Bulavin L.A.

Physics Department, Kiev Taras Shevchenko University
6 Glushkov ave., 03127, Kiev, Ukraine

atamasphys@mail.univ.kiev.ua

Monte Carlo calculation results for pure ethanol and water-ethanol mixtures calculated in the
isothermal and isobaric ensemble at T=300K are presented. The analysis of hydrogen
bounding between ethanol molecule and water molecules at molar concentrations of ethanol
was done. The results obtained for the average energy interactions as function of the mole
fraction show an increase in water-water interaction energy when the interaction between
water and organic liquid molecules decreases. Radial distribution functions for water-ethanol
interaction show characteristics features of hydrogen-bonded liquids. Radial distribution
functions for water-water interactions calculated in pure water and water-ethanol mixtures are

compared.

107



F2

Molecular Hydrodynamics: from Kubo to Smoluchowski

V. Marry' M. Jardat' J.-F. Dufréche' S. Durand-Vidal' and P. Turg'?

! Laboratoire Liguides Ioniques et Interfaces Chargées UMR CNRS 7612 Université Pierre et
Marie Curie BC 51 4 place Jussieu 75252 Paris Cedex 05 France
2 email: pt@ccr.jussieu.fr
In colloidal solutions as well as in porous media filled by a solvent, the dynamics of
solvent and solute particles can be described at different levels:
® Molecular level where transport coefficients are derived from Kubo relations.
¢ Solvent averaged level where the dynamical quantities are obtained from Brownian
dynamics simulations and calculated by an appropriate adaptation of the linear-
response theory.
¢ Hydrodynamic level where the dynamics of solvent and solute particles are evaluated
by solving the Navier-Stokes equation by Smoluchowski scheme, which can be related
to the Kubo formalism.
For charged colloids [1] and charged porous media, we present applications of the above
analysis. Practical examples of the three methods are given for very different systems such as

charged micelles and swelling clays [2-3].

References
[1] M. Jardat T. Cartailler and P. Turq J. Chem. Phys. 115, 1066 (2001).
[2] V. Marry, P. Turq, T. Cartailler, and D. Levesque J. Chem. Phys. 117, 3454 (2002).

[3] V. Marry and P. Turq J. Phys. Chem. B 107, 1839 (2003).
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Iterative determination of pair potentials from diffraction data

Gergely Téth

Department of Theoretical Chemistry, Edtvos University
1518 Budapest, P.O.Box 32, Hungary, e-mail: toth@chem.elte.hu

The popularity of classical mechanical simulations demands pair-potentials for many
new systems. The most detailed experimental information about the structure of liquids can be
obtained by x-ray and neutron diffraction techniques. The 'inverse theorem' of statistical
mechanics offers an opportunity to determine the pair-interactions solely from the diffraction
data, but it does not say how to do it exactly. Besides the many approximate variants of the
well-known integral equation theory there are methods using computer simulations.

A method is developed to obtain tabulated pair potentials or analytic pair-potentials for
liquids from structure factors or scattered intensities. A step of the iterative process consists of
two parts: a simulation with an assumed pair potential and the modification of the potential
due the experimental data and different quantities calculated in the simulations. The choice of
the structure factor as input function makes it possible to avoid the difficulties of the Fourier
transformation from the inverse to the real space, to replace the solution of the linear
equations with simple linear combination in the case of multi-component or molecular
systems, and to use least-square fit for the modification of the pair-potential.

The method is tested for one- and two-éomponent Lennard-Jones systems, Lennard-
Jones parameters for liquid argon are determined from a diffraction experiment'. We
determined effective pair potentials in a tabulated form for liquid mercury at 10 different
densities to investigate the structural changes around its metal/nonmetal transition’.

Determination of tabulated pair potentials for colloids is in progress.

(1) Téth, G., J. Chem. Phys 2001, 115, 4770
(2) Téth, G., J. Chem. Phys 2003, 118, 3949
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Theoretical calculations of ion hydration with different water models

Hartmut Krienke, Gudrun Ahn-Ercan, Josef Barthel, Georg Schmeer,Thomas Starke, Andrea

StraBer

Institut fiir Physikalische und Theoretische Chemie der Universitiit Regensburg
Universitdtsstrafle 31, D-93040 Regensburg

e-mail hartmut.krienke @ chemie.uni-regensburg.de

We compare hydration structures and energies calculated from common models of water
(SPCE model) and ions (Palinkas, Riede, Heinzinger), with the results using some new
models of water. These new models are
(i) a 3-site model developed in a RISM/SCF combined quantum-mechanical and
statistical approach [1] and its variations.

(ii) a simplified 2-site model of water developed on the basis of Collins‘ model with the help
of integral equation and simulation methods.
Both models show the characteristic features of the open network structure of water and also

comparable structures of solvation shells around alkali metal and halide ions.

References:

(1) Krienke,H.; Schmeer,G.; StraBer,A.,J. Mol. Liq. 2003 in press
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STRUCTURAL DYNAMICS OF WATER AND ITS SPECTRA OF
ORIENTATION POLARIZATION.

A. K. Lyashchenko , T. A. Novskova*, V. S. Dunyashev.

Institute of General and Inorganic Chemistry RAS. Leninski pr.31. Moscow 119991, Russia
*Institute of Radio Engineering and Electronics RAS.Pl. Vvedenskogo 1.Fryasino.Russia.

aklyas@rambler.ru

The structure-kinetic model of water is suggested. It is connected with the reaction of partial
dissociation of polymer network and the transition of water molecule from the state in
tetrahedral H-bond net to state in H-bond chain (in the initial framework). The model is used
for explanation and calculation of dielectric spectroscopy data in frequency range 0< v < 800
cm™'. The mechanism of elementary movements of molecules in liquid water is considered on
the basis of this model, experimental (in the range 80-120 GHz) and literature (up to 800 cm’
'Y dielectric, absorption data and semiphenomenological confined rotator (I)/ confined rotator
(D) /..../ confined rotator (N) theoretical scheme. The spectra of complex dielectric
permittivity and absorption in far IR, submillimeter and microwave region are described. The
difference between ordinary and heavy water is explained in all frequency range. The high
frequency boundary of debye relaxation zone is determined. The structural dynamics of water
in aqueous nonelectrolyte solutions is considered on the basis of the suggested model. The
peculiarities of hydrophobic hydration are established.

The model is supported by computer simulation results (Monte-Carlo method) The computer
investigation of the water structure is carried out on the basis of system consisting of 512
particles of water (in case of SPC, SPC/E and ST-2 potentials, T = 298K). The spatial
arrangement of particles on the distances of short-range order (up to 7-10A) is considered
using new method of analysis of spatial relationships between water molecules in

configurations of the some or different coordination numbers and local density.

This work is supported by Russian Foundation Basic Research Grant No 01-03-32041.
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Reverse Monte Carlo modelling of the microscopic structure of
aqueous electrolyte solutions

L. Pusztai and I. Harsanyi

Reserach Institute for Solid State Physics and Optics, Hungarian Academy of Sciences
Budapest, Konkoly Thege ut 29-33., H-1525, Hungary
(e-mail: Ip@szfki.hu)

The Reverse Monte Carlo (RMC) method of structural modelling [1] has been applied for
studying the microscopic structure of various disordered system, including the disordered
(liquid [2] and amorphous solid [3]) forms of water. In a nutshell, the RMC procedure uses
experimental (mostly diffraction) data as input and provides sets of atomic coordinates
(‘configurations') that are consistent with these data within errors. These configurations can

then be subjected to further analyses.

Although there have already been a few applications of RMC for the investigation of the
structure of aqueous electrolyte solutions, these systems have mostly been avoided, probably
for their complexity (too many - at least 4 types of atoms - components, difficulties with
neutron diffraction for hydrogeneous samples, etc.). Here we would like to propose a possible
way (something like a 'protocol’) of approaching these important materials, based on the
simultaneous RMC modelling of one X-ray and - at least - one neutron total structure factor
(as contrasted to the modelling of the partial pair correlation functions).

Geometrical constraints, as applied during the study of pure water (see, e.g. [2,3]) have also
been introduced, in order to include information from other (than diffraction) sources. Since
the O-O, O-H and H-H partials in most cases dominate the measured total structure factors, it

is suggested that studies should be focused on the change in terms of the water structure.

As a first example, results for aquaeos LiCl solutions as a function of the salt concentration

will be presented.

References

[1] R.L. McGreevy, L. Pusztai, Molec. Simul. 1, 359 (1988)
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A comparative molecular dynamics study of the hydration of lanthanide
(ITT) cations using ab initio based flexible and polarizable model potentials

A. Villa%, H. Saint-Martin,*", B. Hess®, A. E. Mark®.

®Department of Biophysical Chemistry and *Department of Applied Physics , Rijksuniversiteit
Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands, e-mail:
humberto@fis.unam.mx
The interest in lanthanide (III) (Ln3+) complexes ranges from liquid-liquid extraction from
aqueous solutions to their spectroscopic and magnetic properties. The paramagnetic properties
of Ln** ions make their complexes suitable as contrast agents in magnetic resonance imaging
(MRI) diagnostic techniques and as shift reagents in NMR analysis of electrolytes in
biological tissues. The ability of the complex to enhance the image contrast is related to its
relaxivity, i.e. the degree to which it increases the relaxation rate of water protons. Among
other factors, relaxivity is affected by the chemical exchange between water molecules in the
first solvation shell and the bulk solvent. Due to the high magnetic moment of the Ln** ions,
the experimental investigation of Ln** complexes in solution cannot be easily performed.
Instead a self-consistent theoretical approach must be used. This approach should account for
the decrease of atomic and ionic radii along the Ln series, which is due to an incomplete
screening of nuclear charge by the 4f electrons plus relativistic effects. It should also account
for the deformation and the polarization of the water molecules induced by the high charge of
the cation. Here we present a molecular dynamics study of the hydration of Nd** and Yb**
performed with the ab initio based flexible and polarizable MCDHO' model potential for
water. The cations were modeled in a consistent manner by fitting the parameters to ion -
water interaction energies computed at the MP2/aug-cc-pVDZ level with counterpoise
correction, using quasi relativistic effective core potentials® for the ion and allowing the

relaxation of the water molecules.

"On sabbatical leave from CCF-UNAM, Mexico, and supported by NWO (433.078, The
Netherlands), by CONACyT (020194, Mexico) and by DGAPA-UNAM (Mexico).

'H. Saint-Martin, J. Hernandez-Cobos, M. I. Bernal-Uruchurtu, . Ortega-Blake, and H. J. C.

Berendsen, J. Chem. Phys. 113, 10899 (2000).
2 M. Dolg, H. Stoll, A. Savin, and H. Preuss, Theor. Chim. Acta 75, 173 (1989).
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The fluctuation on theorem for ideal mixtures

Andréis Baranyai

Department of Theoretical Chemistry, Eotvds University
1518 Budapest, P.O.Box 32, Hungary, e-mail: toth@chem.elte.hu

Using a simple combinatorial model we show that the fluctuation theorem
holds for the nonequilibrium transient process of mixing in ideal mixtures
of two-component fluids. We show that the fluctuation theorem is very
closely connected to the phenomenological formalism of reaction Kkinetics,

in particular, to unimolecular reactions.

115



F10

Thermodynamic properties of ethane in the critical region
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Abstract:

The thermodynamic properties of fluids can be predicted using global equations of
state. Among these thermodynamic properties, we consider the densities of the liquid and
vapor phases of fluids. In this work, we present the application of the crossover model to the
vapor-liquid rectilinear diameter of ethane We also present the comparison of the crossover

model equation of state with the experimental data.

Keywords: Crossover model, fluids, rectilinear diameter, ethane.
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Existence of two UV spectrometrically distinguishable forms
of nitrate ion in dilute aqueous solutions

Vladimir Simeon, Vjekoslav Butorac, Vladislav Tomi$i¢ and Nikola Kallay

Department of Chemistry, Faculty of Science, University of Zagreb,
10001 Zagreb (POB 163), Croatia; e-mail: visimeon@ chem.pmf.hr

Two well-defined isosbestic points (at 265 and 313 nm) were found in the UV
absorption spectra of dilute (0.06 mol dm™) aqueous solutions of NaNQO;, KNO; and
(NMe4)NO;, measured at 13 temperatures in the (10...70) °C range. This finding, together
with the apparent cation-independence of the spectra (confirmed by several statistical tests)
indicates the existence of a chemical equilibrium between two species differing in the
structure of solvation shells: o-NO3~ @ B-NO;~. Assuming the constancy of standard
conversion enthalpy, AH°, in the experimental temperature range, a simple nonlinear
programming algorithm, maximizing the linearity of In K° vs. 1/T relationship, was devised in
order to compute optimized estimates of K°(T), AH° and A.S°, as well as the individual
spectra of 0-NO;™ and B-NO;™ species. The following results were obtained: K° ranges from
~0.08 (10 °C) to =0.25 (70 °C), AH° = 15 kJ mol™", A:S° =31 J K™ mol™, Apax(@-NO;") =
301 nm, £ma(0-NO3") = 7.8 cm® mmol™, Apax(B-NO3”) = 317 nm, &max(B-NO37) = 5.7 cm?
mmol™. Since the AH® value falls inside the ran ge of the energies of hydrogen-bond breaking
and, in addition, AS° > 0, it is hypothesized that the a0 — B conversion might include the

rupture of one hydrogen bond (in the hydration shell) per one a-NO;™ entity.
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Some questions of influence of composition of a solution on properties of
cellulose

Zakharov A.G., Voronova M. L, Pelipets O. V., Prusov A. N., Girichev G. V.

Institute of chemistry of solutions of the Russian Academy of Science, 153045 Ivanovo,
Academicheskaya str.1,
agz@isc-ras.ru

By the Knudsen effusion method on a mass - spectrometer the thermodynamics of
desorption process of the mixed solvent (water - DMSO) in an interval of temperatures 288-
357K from cellulose (a degree of polymerization 700, by a crystallinity degree 58 %, fraction
63-100 microns) was investigated. Measurements were made on mass - spectrometer MI-1201
converted for carrying out of the effusion experiments. For reduction of influence of an
instrument background by measurements the cell with a heater was located in a trap which is
cooled by liquid nitrogen and taking place in volume, having independent spilling system.
Presence of the damper, overlapping a molecular bunch, allowed to define the contribution of
a background to a useful signal. We shall note, that at closed damper due to presence
differentiated spilling volumes of the evaporator and an ionic source the registered instrument
background remained constant both at open, and at closed effusion cell. For maintenance of
the necessary temperature were used two tungsten -rhenium thermocouples VR 5/20, one of
which was placed in the field of a heater, and another is direct in a wall of a cell. Last was
used for measurement of temperature of experiment with accuracy 2°, established at
calibration on temperature of fusion of silver. The technique of measurement of the humidity,
based on integration of the ionic currents registered by a weight - spectrometer, allows to
define humidity without extraction of a sample from the device and its weighing.

Before experiment the cellulose material has been humidified with water — DMSO
solution. Further repeated measurement of temperature dependences of vapor pressure of
water and DMSO with the subsequent drying was carried out. As a result of various vapor
pressure components of solvent its structure changed, that has allowed to study system in
various conditions.

Preliminary research of systems water - DMSO, cellulose - water, cellulose - DMSO
has shown, that the power of interaction water - DMSO exceeds energy of interaction water -
water (44 kJ/mole), water - cellulose (37 kJ/mole), DMSO-DMSO (57 kJ/mole), DMSO-
cellulose (23 kJ/mole). On seen, it also defines the character of dependences of
thermodynamic testimonials from of structure of a mix in system cellulose - water-DMSO.

At interaction of cellulose with a mix water - DMSQO, at surplus of water, diffusion of
molecules of water in a matrix of cellulose outstrips diffusion of molecules DMSO and the
more soassotiates DMSO:2H20 which are formed up to m.f, 0,3. Therefore in this interval of
concentration interaction cellulose - water prevails. With increase in DMSOcontents the mix
to become more associated owing to intermolecular interaction of its components that results
in easing interaction with cellulose. A minimum Agesy falls XDMSO= 0.65 m.f. Increase in
desorption power expenses at X>. 0,7m.f. at small assotiates concentration, caused by deeper
penetration of single DMSO molecules into a matrix of cellulose.

Thus, the technique suggested by us allows to receive thermodynamic characteristics of
interaction in system polymer - mixed water-organic solvent, thus having allocated influence
of each component of the mixed solvent.
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LEACHING OF GLAZE ELEMENTS

OF HISTORIC CERAMICS TO LIQUID MEDIUM

M. Braun®, J., Posta, R. Van Grieken®, I. Szal6ki®

? Institute of Experimental Physics, University of Debrecen, 4026 Debrecen, Hungary
Department of Inorganic Chemistry, University of Debrecen, 4001 Debrecen, Hungary
Department of Chemistry, University of Antwerp, 2610 Antwerp, Belgium

In different cultures, the handmade dinnerware, bottles, vessels, jugs and pots prepared from
glazed terracotta or ceramics has been traditionally used for daily cooking and storage of food
and beverages, frequently alcoholic drink. The glazes provide a hard and non-porous covering
on the ceramics body and present different colours for decorating patterns. The main
component of this layer consists basically of SiO, with relatively high melting temperature
(=1610 °C) however some other oxides PbO, BaO, K,0, CaO, MgO, Li,O, Na,0, FeO, BeO,
Zn0O, Cu0O, B;03;, MnO, Co0O, NiO, Bi,0s, are sometimes added in order to decrease the
starting temperature of the fusion process during the firing. The most important and
frequently used fluxing compound is PbO which has low fluxing temperature; it is
approximately 500 °C. The use of lead oxide with high concentration (up to 50w%) in glaze
manufacture results in a smooth and shiny effect on the glaze surface. The improper
preparation of potteries covered by lead-glaze and their daily use could result in a serious risk
for human health since the lead and its compounds are cumulative and highly toxic materials
for human body. The lead compounds are accumulated in different human tissues and blood.
The origin of the danger is the long-term leaching of lead and other elements from the glaze
of terracotta or ceramic dinnerware into acidic food substances. Systematic investigation of
leaching of Pb and other elements (Li, Ca, K, Cr, Mn, Fe etc.) into different types of liquid
(i.e. 0.01 mol/l citric and tartaric acid solution) stored in glazed potteries were carried out.
Long-term kinetics of the leaching effect from 89 pieces of selected pottery items were also
measured over a 1-25 days period. Combination of exponential and linear functions with time
was found as the best fit to the measured concentration values. The Pb content of the surface
layer of glazed potteries was measured by EDXRF analysis with '*°I radioisotope excitation
and that of the different liquid samples stored in them was determined by ICP-AES method.
The concentration values obtained were Cp, = 45 - 50 w% and Cp, = 20 - 200 ppm,
respectively. The Pb content and the thickness of the glaze were determined simultaneously
with fundamental parameter method. SEM analysis was performed on some glazed terracotta
pieces for verification of the quantitative calculation by visualization of result of the leaching
process. The highest Pb content measured in the acidic liquid amounted 500 ppm after 5000
minutes leaching time.

! Corresponding author: braun@ tigris.klte.hu
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PARTIAL MOLAR VOLUMES AND HEAT CAPACITIES
OF LiClO4 AND Et;,NBr SOLUTIONS IN SIX APROTIC SOLVENTS

César A. N. Viana, Mavitidi Dilo and Manuel A. P. Segurado

Centro de Electroquimica e Cinética da Universidade de Lisboa
Faculdade de Ciéncias, 1749-016 Lisboa, Portugal

This work is concerned with apparent partial molar volumes and isobaric heat capacities
of lithium perchlorate and tetraethylammonium bromide in six aprotic solvents of medium to
high permitivities, low melting and high boiling points as well as low viscosities. The former
salt solutions have had different applications among them the preparation of electrolytic

'2 the second one was chosen here for

solutions applicable to high energy batteries;
comparative purposes.

The thermodynamic parameters were evaluated from experimental electrical
conductivities and association constants of the solutions, the volumes being obtained from
very accurate densities and the heat capacities were determined by micro-calorimetry. All the
results were obtained at 251+0.005 °C.

The variation of both apparent molar volumes and heat capacities with ionic strength
were analysed through Masson,’ Redlich and Meyer* and Pitzer’ equations being such
variations related to the well known Debye-Hiickel limiting slopes from which the
corresponding standard partial molar quantities were calculated. Ion-ion, ion-solvent and ion-
ion-solvent interactions were related to those gradients.

Where possible specially ionic volumes agree reasonably well with results previously published by

other authors.
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Interaction of Dimethylsulfoxide with the Ions Be?* and CI :
An Ab Initio Investigation

Zareen Abbas, Usa Onthong and Michael Probst

Institute of Ion Physics, Leopold Franzens Universitéit Innsbruck

6020 Innsbruck, Technikerstrafle 25, Austria (zareen.abbas@uibk.ac.at)

ABSTRACT
The interaction of dimethylsulfoxide (DMSO) with the ions Be?* and CI" was investigated by
quantum chemical methods. Optimal structures of the Be2+(DMSO).,, CI'(DMSO), (n=1-6)
clusters and their binding energies were computed at various level of theory from
HF/CEP-31G to B3LYP/6-311G(d,p). The results depended somewhat on the method,
indicating that different geometrical arrangements have similar energies. The best calculations
( B3LYP/6-311G(d,p) ) give a 4+2 shell structure for Bez+(DMSO)6 clusters and a 5+1 shell
structure for CI'(DMSO)s clusters. Potential functions for DMSO-Be?* and DMSO-CI” were
constructed by fitting quantum chemically calculated energies to polynomial functions. A
three-parameter analytical function for the DMSO-CI" system was found to be in very good
agreement with the quantum chemically calculated energies while for the DMSO-Be*
hypersurface an analytical pair potential for use in condensed-phase simulations proved more

difficult to generate.
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A two-dimensional EPR study of copper(II) -5-substituted S-amino acid

systems. Steric effects of the substituents on equilibria of metal complexes

Zsuzsanna Arkosi®, Terézia Szab6-Planka®, Antal Rockenbauer®, Néra Veronika Nagy®,
L4sz16 L4azar® and Ferenc Fiilop®

“Chemical Research Center, Institute of Chemistry, Hungarian Academy of Sciences (e-mail:
arkosi@ chemres.hu); *Department of Physical Chemistry, University of Szeged, “Institute of

Pharmaceutical Chemistry, University of Szeged

We have studied the complex equilibria of copper(II) COO"
with a series of B-substituted S-amino acids (R: H, Me, Et, CI{Z
iBu, iPr, cHex, 1-EtPr and /Bu) by pH potentiometry and I
electron paramagnetic resonance (EPR) spectroscopy. The R/ CI{ NE*
3

matrix rank analysis carried out on the EPR spectrum
package indicates the formation of 6 independent paramagnetic species. Accordingly, Cu®
(aqua complex) and the complexes [CuLH]**, [CuL]*, [CuL;H,]*, [CuL,H]* and [CuL,] have
been considered. In addition, for [CuL;], two coordination isomers could be identified by the
two-dimensional spectrum decomposition method'. The formation constants and the EPR
parameters have been determined for the above species.

As far as the authors know, this is the first reported case in which a strong correlation
has been found between the steric effects of substituents characterized by Meyer's steric
parameter’ V* and the protonation constants of metal complexes. The observed trend for the
preference for non-protonated complexes [CuL]* and [CuL;] to increase with the bulky of the
substituent can be explained by the increasing substituent shielding that hinders the

protonation process.
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Ultrasonic relaxation study of triblock poly(ethylene oxide)-poly(propylene
oxide)-poly(ethylene oxide) in aqueous solutions.

Z. S. Bakaeva, M. Zaitdinov, S. Z. Mirzaev, ,A. A. Saidov,
P. K. Khabibullaev, V.V. Bajutina

Heat Physics Department, Uzbekistan Academy of Sciences,
Katartal 28, Tashkent 700135, Uzbekistan
It is now well established that block copolymers of the type (EO)(PO)(EO) behave in many
ways like normal hydrocarbon surfactants [1-3]. The compounds are surface-active and form
micelles. In comparison to normal surfactants these compounds have the peculiarity that their
CMC and their surface activity depend more strongly on temperature than those for the classic
nonionic surfactants.The kinetics of relaxation processes of aqueous solutions triblock
poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) copolymers, the Pluronics
PE 6400 has been investigated using ultrasonic relaxation method. The ultrasonic relaxation
spectra of PE6400 were determined in the concentration range 1-11%. The ultrasonic
attenuation measurements in the frequency range 0.1-5 MHz showed the existence of a large
excess absorption with respect to water, occurring at concentrations above the CMC of the
Pluronic solutions investigated. The ultrasonic spectra show a single relaxation term in the
frequency range between 200 kHz and 2 MHz, at the temperature 25° C. On this basis we
evaluate orders of magnitude values of the rate constant k*=5-10° M''s™ for the copolymer
association to, and exit from, its micelles, using the relaxation frequency f;, and the excess

ultrasonic attenuation at different frequency f.

(1] G. Wanka, H. Hoffmann, W. Ulbricht, Macromolecules, 1994, 27, 4145.

[2] S. Sencow, S.K. Mehta, G. Douheret, A.H. Roux and G. Roux-Desgranges, Phys.Chem.
Chem.Phys. 2002, 4, 4472.

[3] P. Alexandridis, T. Alan Hattan, Colloids and Surfaces, A:Physicochemical and
Engineering Aspects, 1995, 96, 1.
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Investigation of structure of liquid 2,2,2 trifluoroethanol: neutron

diffraction, molecular dynamics and ab initio quantum chemical study

Imre Bakdé, Gabor P4linkds
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Budapest, P. O. Box 17, H-1525, Hungary

Marie Claire Bellissent Funel

Laboratoire Leon Brillouin, CEA-SACLAY
91191 Gif sur Yvette, Cedex, France

Abstract

Molecular conformations and intermolecular H-bonding in liquid 2,2,2 trifluoroethanol (TFE)
have been studied by neutron diffraction with hydrogen/deuterium isotopic substitution at
room temperature. For comparison, conformations of molecules and their dimers in the gas
phase have also been calculated, based on the density functional theory. Energies, geometries
and vibrational frequencies of dimers were analyzed. Diffraction data analyzed by MCGR
method resulted in a molecular structure in agreement with the findings from gas phase
electron diffraction experiments and density functional calculations. The intermolecular
structure functions were compared to the same functions from the molecular dynamics
simulation. All of the composite radial distribution functions are in good agreement with the
simulation results. According to our calculation the hydrogen bonded aggregation size is

smaller in pure liquid TFE than in pure liquid ethanol
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The dihydroxylation reaction of olefins by osmium tetroxide to obtain cis-diols is a
very important reaction in organic chemistry. Although the reaction can be performed by less
expensive and less toxic oxidants such as potassium permanganate, for the asymmetric form
of the reaction the yield of the product is higher when osmium tetroxide is employed. The
most successful catalytic cycle was obtained by performing the reaction in two separated

phases consisting of mixtures of water and tert-butanol.

The identification and structural characterization of all the species involved in a given
reaction is crucial to understand the mechanism of the conversion of reactants to products as
is a knowledge of the arrangement of the solvent molecules around the molecular species
involved. To try to understand the mechanism of the title reaction we have performed an X-
ray absorption spectroscopy study in order to determine the in-solution structure of all the
species involved in the simplest version of the reaction; only two reactants are involved, and
the reaction proceeds in a unique phase. The chosen solvent is a mixture of tert-butanol/water
6 to 1. To obtain information about the arrangement of the solvent molecules around the main
reactant, osmium tetroxide, a neutron diffraction study has also been performed. The
combination of both sets of data provides a complete picture of the arrangement of the three
molecular units, osmium tetroxide, water and tert-butanol, as well as the structure of the

species involve in the reaction, from the viewpoint of the metal centre.
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What can we learn by computer simulations of XAS spectra?

M. Cavalleri
FYSIKUM, Stockholm University, AlbaNova University Center, S-106 91, Stockholm, Sweden
Email: teo@physto.se

M. Odelius,® M. Nyberg,” T. Hirch,* L. Ojamze,® L.A. Naslund,” A. Nilsson,*¢ and L.G.M.
Pettersson”

®FYSIKUM, Stockholm University, AlbaNova University Center, S-106 91, Stockholm,
Sweden

ﬁDept. of Physical Chemistry, Uppsala University, Box 579, S-751 23 Uppsala, Sweden
*Division of Physical Chemistry, Arrhenius Laboratory, Stockholm University, S-106 91,
Stockholm, Sweden
6Dept. of Chemistry, IFM, Linkoping University, SE-581 83 Linkiping, Sweden
SSRL, Stanford University, 2575 Sand Hill Road, Menlo Park, CA 94025, U.S.A.
The work presented in this poster aims to describe DFT based techniques we use to obtain
xray absorption spectra and how these computer-simulated spectra can be used to bring in
new ideas and interpretations of the experimental data. We have developed methods in order
to compute XAS spectra using both MO-cluster and periodic plane-waves based approaches.
We present the case of the study of hydrogen-bonded liquid systems such us liquid water[1-
3], aqueous solutions[4] of ions or acids, liquids at interfaces[5] and alcohols. Recent
experimental developments make it possible to study liquids by mean of O (lIs)-core
spectroscopies, providing important informations on the local electronic structure of the
system under study. However, the complexity and the dynamics of hydrogen-bonded liquids
makes it almost impossible to analyze experimental x-ray spectra in great details without the
help of theoretical simulations. Simulated spectra can be used to verify validity of theoretical
models and contributions.
[11J. of Physics-CM., 14, 8, L213-L.219 (2002).
[2]Chem.Phys.Lett., 364/3-4 pp. 363-370 (2002).
[3]1Phys.Rev.B, 66, 092107 (2002).

[4]Submitted to J.Phys.Chem (2003).
[S)J. of Physics-CM., 14, 8, L.221-1.226 (2002).

132

|

- |

~-3

I |

—

.










A-P12

Kinetic Study of the Osmylation of Olefins by OsO,

S. Diaz Moreno' and D. T. Bowron?

! European Synchrotron Radiation Facility, B.P. 220, 6 rue Jules Horowitz, 38043 Grenoble
Cedex 9, FRANCE
E-mail:moreno@esrf.fr
2 ISIS Facility, CCLRC Rutherford Appleton Laboratory, Chilton,, OXON, OX11 00X, UK

E-mail: D.T.Bowron@rl.ac.uk

The coupling of high brilliance 3rd generation synchrotron radiation facilities with
stopped flow reaction cell technology has recently begun to open a unique structural window
through which one can view millisecond to second timescale chemical reaction processes that
occur in the liquid state. Here I will illustrate how the powerful and chemically specific local
structure probe, X-ray absorption spectroscopy, is beginning to provide us with new insight
into both the electronic and structural aspects of typical reaction processes.

As a case study I will present recent results obtained on the important reaction
between osmium tetroxide (OsOs) and the C=C double bond of simple olefins. With this
example I will show how one can extract information on both chemical reaction kinetics and
time dependent local structure, and how this information can be correlated with theoretically
proposed mechanisms. With the availability of such comprehensive information it may now
be possible to gain structural information about short-lived species present during the course

of a reaction.
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INTERACTION BETWEEN NEW DESFERRIOXAMINE B (DFB)
MODEL DIHYDROXAMIC ACIDS AND M(II) IONS: EFFECT OF THE
COMPLEX GEOMETRY ON THE STOICHIOMETRY OF BIS-
CHELATED COMPLEXES

D. Bétka and E. Farkas

Department of Inorganic and Analytical Chemistry, University of Debrecen, H-4010,
Debrecen, Hungary (e-mail: efarkas@delfin.kite.hu)

Polyhydroxamates are often more effective metal ion sequestering agents than the
monohydroxamates. This might be one of the reasons, why the natural hydroxamate-based
siderophores are polyhydroxamates containing three or in a few cases two chelating moieties.
There are, however, several interesting features (e.g. the influence of the length, rigidity or
orientation of the linker, relative orientation of the linked chelating groups,...) determining the
complex-forming ability of the polyhydroxamates. Both of the connecting chains in the
trihydroxamate type DFB have the same special structure, - (CH2),-CO-NH-(CH,)s-, allowing
the favoured preorganization of the three chelating functions for the coordination in a
mononuclear octahedral complex to iron(Ill). If however, the length of the linker or the
relative orientation of the linked chelating groups is not adequate for the formation of a
mononuclear bis-chelated complex, [ML], in that case dinuclear, double-bridged, less stable
complex [M:L;] is formed. In the present work complexation of Cu(II), Ni(II), Zn(II), Cd(II)
and Pb(Il) with six new DFB model dihydroxamic acids (HO(CH3;)NCO-(CH,),-CO-NH-
(CH3)y-CON(CH3)OH, where the related x,y values are 2,5; 2,4; 2,3; 2,2; 3,4, 3,3, and either
the length of the chain or the position of the peptide group is varied) were studied by pH-
potentiometric, NMR, UV-VIS and ESI MS methods. According to our results, the stability of
the monochelated [MLH]" complexes formed with these dihydroxamic acids are similar, but
in some cases, significant differences in the stability of their bis-chelated complexes can be
found. The main conclusion is that the stoichiometry and stability of the bis-chelated
complexes depend much more on the geometry of the complex formed than either on the ionic
radius of the metal ion or on the length of the linker situating in the studied dihydroxamic
acids.

The work was done within the framework of COST D21/01 and supported by OTKA
1034674 and Hungarian-Portugal Foundation (TET) P-5/01.
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Effects of medium and interionic interactions in water-salting solvents

Fedorov V. A., Batalina L. S., Ushanov S. V.
Siberian State Technological University (Krasnoyarsk)
Institute of Chemistry and Chemical Technology, Siberian Division, Russian Academy of
Science, Krasnoyarsk, Russia
e-mail: chem@sibstu.kts.ru
Siberian State Technological University (Krasnoyarsk) 660049 st Mira,82, Krasnoyarsk
Institute of Chemistry and Chemical Technology, Siberian Division, Russian Academy of
Science, 660049, st Karla Marksa,42, Krasnoyarsk, Russia

At studying equilibriums in solutions with formation of associates (complexes) of small and
average stability the account of medium effects (inideality) is obligatory. These effects take
place and in conditions of a method of the constant ionic environment. However the
quantitative account of effects inideality is connected to big enough difficulties, which are
aggravated in connection with an opportunity of formation of several complex forms in a
solution.
In the present work formation of hydrosulphate - ion HSO, (i.e. only one associate,
formation of associates of more difficult composition is excluded) in conditions of a method
of the constant ionic medium is investigated. Solubility of strontium sulphate was studied at
25°C in mixes isomolar solutions NaClOs (or LiClO4) and HCIO,, i.e. ¢ by gradual
replacement of ions Na* (or Li* ) on ions H”.

The obtained data on solubility SrSO, are interpreted within the framework of model

LLo? = exp (=00 [H *] ) + B%xp (—ou [H*]) [H '] (1)
Where L and Lo- solubility at presence and absence of hydrions in I molar solutions (Na,
H)CIO, or (Li, H) ClO,, I-ionic strength of a solution, a Bﬂ-constant of formation HSQO,4 -in I
molar solution NaClO4 (or LiClO4), 0o and o, — factors of linear dependence
~InKso=—InKsg—0to[H *] and InB=Inp?-a; [H *]

Equilibrium concentration of hydrions in the majority of experimental points was equated the
general concentration HCIOy, in view of enough small solubility SrSO4. The opportunity of
formation of associate SrSO, in a solution for the same reason was not taken into account.

The program of the decision of the equation (1) method of nonlinear leastsquares,
with a presence of required parameters Bg, oo and o, and an estimation of their confidential
intervals was developed. Dependence B2, op and o from ionic stregth of a solution is

analysed.
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Evaluation of the action of proteolytic enzymes on the wool fibre by kinetic

measurements

Magdalena Simona FOGORASI

AUREL VLAICU University, B-dul Revolutiei 81, 2900 Aad, Romania,

e-mail: fogarasi@inext.ro

A possible alternative to the classical polluting technologies in textile finishing is the
application of biotechnology. Enzymes are used in order to develop an environmentally
friendly alternative.

The paper comprise the study of the action of proteolytic enzymes on the wool fibre.

A diffusion study was carried out based on the fluorescence microscopy in order to localize
the enzymatic attack into the fibre. During the enzymatic treatment with enzymes a kinetic
study was also carried out for a possible evaluation of the enzymatic reaction.

The proteolytic activity of the enzymes using a soluble substrate was determined and their
protein contents by the Lowry test.

For the system proteolytic enzymes — wool fibre, the kinetic parameters, Michaelis constant
KM and maxim reaction rate Vmax, were measured from the linear regression of the two
plots.

The effects of the enzymatic treatment of wool substrate were monitored by using the
aminoacid contents of the treatment liquors and the Scanning electron micrographs of wool
fibre.

The complex structure of natural fibres, especially of wool fibre complicates enzymatic
modification. Thus, the control of the enzymatic reaction is necessary for avoiding the

damage of the wool substrate.
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Complexation of alkali cations by lower rim calix[4]arene
tetra(O-[N-acetyl-R-phenylglycine methyl ester]) derivative

N. Galié¢®, V. Tomisié?, B. Bertosa®, L. Frkanec®, V1. Simeon?, and M. Zini¢®

“Department of Chemistry, Faculty of Science, University of Zagreb, Zagreb, Croatia
bDepartmem‘ of Organic Chemistry and Biochemistry, Rudjer Boskovi¢ Institute, Zagreb,
Croatia
e-mail: ngalic@chem.pmf.hr

Calixarenes with carbonyl-containing substituents on phenolic groups are effective
receptors for alkali and alkaline-earth cations. In calixarene derivatives that possess
substituents with both, a hydrogen-bond acceptor (carbonyl group) and a hydrogen-bond
donor (e.g. -NH- group in secondary amides), circular intramolecular hydrogen bonds are
formed which have a strong influence on their ionophoric activity."?

Complexation of alkali metal cations with 5,11,17,23-tetra-tert-butyl-26,28,25,27-
tetrakis(O-methyl-D-o-phenylglycinecarbonylmethoxy)calix[4]arene’ (L) was studied by
means of spectrophotometric, conductometric and potentiometric titrations. The solvent effect
on the binding ability of L was examined by using two solvents with different affinities for
hydrogen bonding, viz. methanol and acetonitrile. The stability constants of metal complexes
were determined in both solvents. The investigated calix[4]arene amino acid derivative was
shown to be an efficient binder for the smaller Li* and Na* cations in acetonitrile, whereas the
bigger Rb* and Cs" did not fit in the calix[4]arene hydrophilic cavity. The stability of the
complexes in methanol was significantly lower which could be explained by different
solvation of the cations and by competition between the cations and methanol molecules (via
hydrogen bonds) for amide carbonyl oxygens. The influence of cation solvation on the
complex stability was most pronounced in the case of Li* (stability constant of LiL" in
acetonitrile was quite high, >10° mol”' dm®, whereas the one in methanol was low, i.e. <10

mol' dm?).

(1) Nomura, E.; Takagaki, M.; Nakaoka, C.; Uchida, M.; Taniguchi, H., J. Org. Chem., 1999,
64, 3151.

(2) Frkanec, L.; Visnjevac, A.; Koji¢—Prodié, B.; Zinié, M., Chem. Eur. J. 2000, 6, 442.
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A New Bis (3-Hydroxy-4-pyridinonate)-EDTA Derivative as a Chelator for
Metal Ions

Sofia Gamas§, J. Costa Pessoa§, Etelka Farkast and M. Amélia Santos§

§ Centro de Quimica Estrutural, Instituto Superior Técnico, Av. Rovisco Pais, 1049-001
Lisboa, Portugal. email: masantos@ist.utl.pt
T Depart. of Inorg. and Analytical Chemistry, University of Debrecen, H-4010 Debrecen,
Hungary.

The 3-hydroxy-4-pyridinones (3,4-HP) are important chelating agents with several potential
applications in medicinal chemistry. Their importance has been mostly associated with the
high affinity towards hard trivalent metal ions such as Fe(III), AI(III) and Ga(III), and the
potential use as decorporating agents in situations of metal imbalance [1]. Their interaction
with divalent species, namely Cu(II) or VO(II) and MoQO,(II), have also been the object of
research associated to the inhibition of important biological functions or to the diabetes
treatment, respectively [2].
As part of an ongoing project aimed at exploring the polydenticity of 3,4-HP derivatives, a
new bis-hydroxypyridonate ligand was prepared, having two of those binding unities coupled
to ethylenediaminetetracetic acid (EDTA), via amide linkages, remaining two extra
carboxylic groups. This work reports equilibrium studies in aqueous solution for the
characterization of this ligand in terms of acid-base properties, the binding affinity towards a
set of M?* ions (M = Cuy, Ni, Zn), and the estimation of coordination modes. The equilibrium
studies are based on potentiometric and spectrophotometric (UV-Vis, NMR and EPR)
measurements. The results are discussed based on those reported for mono-hydroxypyridonate

derivatives and other relevant analogues.

Acknowledgement: The authors thank to the Portuguese FCT (project POCTI/35344/00), the
Hungarian-Portuguese Intergovern. program and the COST D21/001 program for financial
support.

(1) Santos, M.A., Coord. Chem. Rev. 2002, 228, 187.

(2) Epstein, N.A.; Norton, J.L.; Vogels, C.M.; Taylor, N.J.; Wescott, S.A., Aust. J. Chem.
2000, 53, 687.
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REACTIVITY STUDIES OF 2-BROMO-2-METHYLPROPANE IN
BINARY MIXTURES OF PROTIC AND APROTIC SOLVENTS.
CORRELATIONS WITH SOLVENT STRUCTURE

Nelson Nunes® Ruben Elvas Leitio® and Filomena Martins®
* Department of Chemical Engineering, Engineering Institute (ISEL), Polytechnic Institute of
Lisbon, CQB, R. Conselheiro Emidio Navarro, 1900 Lisboa, Portugal
e-mail: nnunes@deq.isel.ipl.pt
"Department of Chemistry and Biochemistry, Faculty of Sciences, University of Lisbon, CQB,
Ed. C8, Campo Grande 1749-016 Lisboa, Portugal

Due to the increased application of mixed solvents in fields as varied as chemistry, life
sciences, industrial processes and environmental protection, structural and dynamic studies in
these type of solvents have gone through significant developments in the last years.

In the sequence of recent work on the structural characterization of binary and ternary
mixtures of protic and aprotic solvents', and in the line of our interest to enlarge the matrix of
substrates and solvents used, so that a reliable application of multivariate data analysis can be
performed?, we have been studying the kinetics of some halogenated substrates on mixed
solvents.

In this work, we report rate constants for the reaction of 2-bromo-2-methylpropane in the
mixtures MeOH/1-PrOH and MeOH/MeCN, for several molar fractions, at 25.00 °C, obtained
by a conductimetric technique.

Correlation analysis between rate constants and solvent descriptors, previously determined by
us, allowed the identification of the prominent solute-solvent-solvent interaction mechanisms

in the rate processes. Further reactivity and mechanistic studies are under way.
Financial support by FCT through Project POCTI/QUL/60/94 is greatly acknowledged.
1. Leitdo, R. E.; Martins, F.; Ventura, M. C.; Nunes, N. J. Phys. Org. Chem. 2002, 15: 620-

630.
2. Gongalves, R M.C.; Albuquerque, LM.P.C., J. Phys. Org. Chem. 2001, 14:731-736.
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RAMAN SPECTROSCOPIC INVESTIGATION OF SPECIATION IN
MgSO4(aq)

W. W. Rudolph"?, G. Irmer?, and G. T. Hefter®

! Medizinische Fakultiit der TU Dresden, Institut fiir Virologie im MTZ, Fiedlerstr. 42
D-01307 Dresden, Germany; Wolfram.Rudolph@mailbox.tu-dresden.de
2 Institut fiir Theoretische Physik der TU Bergakademie Freiberg, Bernhard v. Cotta Str. 5, D-
09596 Freiberg, Germany
3 Department of Chemistry, Murdoch University, Murdoch, WA 6150, Australia;
hefter@chem.murdoch.edu.au

Previous Raman investigations on aqueous solutions of MgSOy4 have been interpreted either
as indicating the presence of contact ion pairs (Davies and Oliver, 1973) or a solvent-
separated ion pair (Daly et al., 1972, Rull et al., 1994). Howevér, these studies focused only
on the most intensive v;(SO4>) mode. The present study includes detailed measurements at
low wavenumbers (250 cm™), low concentrations, temperatures up to ~200 °C, and in heavy
water. The v, mode of Mg(OH2)62+ at 358 cm’! develops a shoulder at ~340 cm’! indicative of
the penetration of SO, into the inner coordination sphere. In addition a mode at 240 cm’
appears, confirming the presence of the Mg-O-SO3; moiety. The spectrum of MgSO,4 in D,O
supports these spectroscopic assignments and in particular shows that the widely cited
interpretation by Rull et al. cannot be correct. Concentration studies of MgSO, down to
concentrations of 0.59 mM show that the mode at 993 cm™, assigned to contact ion pairs,
disappears completely. These findings confirm the results of a recent dielectric relaxation
study (Buchner et al.,, 2003). Raman measurements as a function of temperature show an
increase in contact ion pairs with increasing temperature, demonstrating the endothermic

nature of their formation.

References

R. Buchner, T. Chen, and G. Hefter, J. Phys. Chem., submitted.
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Solvation Structure of Metal(II) Ions in Nitrogen Donating Solvents

Yasuhiro INADA, Kuniko IWATA, Koji MOTIZUK]I, and Shigenobu FUNAHASHI

Graduate School of Science, Nagoya University, Chikusa, Nagoya 464-8602, Japan

Yasuhiro.Inada@lac.chem.nagoya-u.ac.jp

Solvation structure is most essential and important information to understand the
physicochemical properties of the solution containing the metal ion. The solvation structures
of the transition metal ions have been investigated mostly in the oxygen-donating solvents,
which possess a coordinating oxygen atom.' It has been clarified that the bulkiness of the
solvent molecule and the positive charge density on the metal ion affect the solvation
structure. However, the corresponding structures in the nitrogen-donating solvents are not
well investigated, although the electronic donating ability of the solvent is expected to cause
the structural change.

In this study, the solvation structures of the transition metal(II) ions were determined by
means of the XAFS spectroscopy in a variety of the nitrogen-donating solvents, such as
unidentate aliphatic amines like propylamine, bidentate aliphatic amines like ethylenediamine,
pyridine and its derivatives, and some nitriles like acetonitrile. The XAFS spectra were
recorded in the transmission and fluorescence mode according to the sample concentration at
the Photon Factory of the High Energy Accelerator Research Organization. The EXAFS
oscillation functions were analyzed using the FEFF-generated parameters, and the structural
data around the metal center were determined by the R-space curve fitting in considering the
multiple scattering paths.

The bond lengths between the metal ion and the donating nitrogen atoms are changed
according to the kind of nitrogen atoms, i.e., aliphatic amines > pyridine derivatives > nitriles,
in response to the electronic configuration. The solvation number in unidentate aliphatic
amines is decreased due to their strong sigma-donating ability. The steric hindrance around
the coordinating site also leads to the reduced solvation number in 2-methylpyridine.

(1) Funahashi, S.; Inada, Y., Bull. Chem. Soc. Jpn. 2002, 75, 1901.
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H,0-D;0 Solvent Isotope Effect on Excess Molar Volumes of 3-
Methylpyridine Solutions.

G. Jancsé

KFKI Atomic Energy Research Institute, PO Box 49, H-1525 Budapest, Hungary,

Jjancso@sunserv.kfki.hu

3-methylpyridine (3MP) dissolved in heavy water exhibits a closed immiscibility loop
between 38.5 and 117 °C at normal pressure, while it is completely miscible with water at any
concentration and temperature. The purpose of the present investigation is to compare the
volumetric characteristics of dilute solutions of 3MP in H,O and D,O.

Densities were measured over the concentration range of 0.4 -4 mole% as a function of
temperature between 25 and 45 °C using a vibrating tube densitometer with a reproducibility
of 1x107% g/cm3. The excess molar volumes for mixtures containing DO were found to be
more negative than those with H,O.

>From the densities of the mixtures the partial molar volume of the solute at infinite dilution
and the coefficients in the virial expansion of the excess molar volume (V¢=
Via® + Viem® +...) in terms of the aquamolality (m, which is the number of moles of solute
per 55.508 mol solvent) have been evaluated.

The values of the partial molar volume at infinite dilution were found to be slightly higher
(about 0.3%) for the solutions in H,O than for those in D,0. The excess volume second virial
coefficient (V) representing the contribution of solute pairs to the excess molar volume is
positive and its temperature dependence shows a characteristic difference between H,O and
D,O solutions: while the V-t curve for H,O solution is linear in the temperature range
covered, that for D,O solution displays a maximum at about 35 °C.

The observed solvent isotope effect is discussed in terms of solute-solvent and solute-solute

interactions.
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Equilibrium and Structure of the A(EDDHP) Complex

Robert J6szai®, Imola Kerekes® Igarashi Satoshi®, Sawada Kiyoshi® and Imre Téth®

’Department of Inorganic and Analitical Chemistry, University of Debrecen, Hungary

Department of Chemistry, Faculty of Science, Niigata University, Japan

EDTA-type ligands are widely used in industry and analytical chemistry. However there is an
urgent need to develop biodegradable analogues of aminopolicarboxylates in order to
decrease the environmental impact of these chelating agents. EDDHP (ethylendiamine-N,N’-
bis 3-hydroxy-2-propanoic acid) ligand is biodegradable and it forms stable complexes with
alkaline earth and transition metal ions.

We report here the results of our pH-potentiometric, 'H and *’Al NMR, study of
equilibria (I=1 M KCl, c;.k1=5-10'3 M, ci/cai=1.2) and X-ray structure of AI(EDDHP) complex.
The titrations curves in pH=3-11 could be described with a model consisting of AI**,
AI(OH)L®, AI(OH),L" and Al(OH),".

The 'H NMR spectra of the Al-complex was quite complicated as expected for an
inert complex with slow intra-molecular rearrangements. 2’Al NMR spectroscopy showed
signal of the AI(OH)L® complex in the 25-30 ppm interval, therefore we concluded that the
aluminium forms complex with hexa-coordinated, distorted octahedral structure.

Single crystal X-ray result showed an interesting dimeric structure of Al,(OH),L,-2H,0.

The  AL(OH), structural motive  of
Al (OH),L,-2H,O is similar to the
Alz(OH)z(NTA)zz' complex, indicating that the
hydroxyl oxigens of the 3-hydroxi-2-propionic
groups are not coordinated to the inner sphere of

the Al**-ions.

We acknowledge the support of OTKA T 038296 and Nanyo Research Laboratory, Tosoh Co.

LTD for donating the ligand.
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Hydration Structure around the Carboxyl-group Studied by Neutron
Diffraction with 12C/13C Isotopic Substitution Method
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and Takeshi Usuki

Department of Material and Biological Chemistry, Faculty of Science, Yamagata University,
Yamagata 990-8560, Japan
e-mail: kameda@sci.kj.yamagata-u.ac.jp

Time-of-Flight neutron diffraction measurements have been carried out on aqueous 8
mol% sodium acetate solutions in D,O. The 12C/13C isotopic substitution technique has
been applied to carbon atoms of the carboxyl-group within the acetate ion in order to obtain
information concerning the hydration structure around the carboxyl-group in the aqueous
solution.

Neutron diffraction measurements were performed at 25°C using the HIT-II spectrometer
installed at the pulsed spallation neutron source (KENS) of the High Energy Accelerator
Research Organization (KEK), Tsukuba, Japan. The first-order difference function!, Ac(Q),
was successfully derived from the numerical difference between scattering cross sections
observed for (CD3"a{COONa)g gg(D20)g.92 and (CD3!13COONa)q 0g(D20)g 92 The
intramolecular contribution within the acetate ion was subtracted from the observed Ac(Q) to
obtain the intermolecular difference function, Acinter(Q). The intermolecular distribution
function around the carbon atom within the carboxyl-group, G¢iMer(r) exhibits partially
resolved first peak at r ~ 2.8 A, which should involves contribution from D50 molecules in
the first hydration shell. The observed intermolecular first-order difference function,
Acinter(Q), was then analyzed by the least squares fitting procedure.

The nearest neighbor C---Dy (Dyw: D atom within D70O) distance and the angle ZC---Dyy-
Ow (Ow: O atom within D;0) were determined to be rc...py, = 2.63(1) A and £C--Dw-Ow
= 120(1)°, respectively. The coordination number nc...py, Was determined to 4.0(1). These
results are in consistent with the structure that water molecules in the first hydration shell of
the carboxyl-group, are hydrogen bonded with oxygen atoms of the carboxyl-group. The
present value of nc...pyy, is in good agreement with that obtained from our previous X-ray
diffraction study.2

References
(1) Enderby, J. E.; Neilson, G. W., "Water, A Comprehensive Treaties", Plenum Press, 1979,
Vol. 6, p. 1.

(2) Naganuma, H.; Kameda, Y.; Usuki, T.; Uemura, O., J. Phys. Soc. Jpn., 2001, 70, Suppl. A,
356.

146

.

3

-3



A-P24

Newly Developed Solution X-Ray Diffractometer Using CCD Detector and
Its Application to Studies on Liquid Structure

Misaki Katayama, Kazuhiko Ozutsumi and Hitoshi Ohtaki
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Noji-Higashi, Kusatsu 525-8577, Japan
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A solution X-ray diffractometer using a CCD (charge coupled device) detector has been
developed. Characteristic X-rays were generated from a rotating Mo anode. Mo Kg radiation
was eliminated by a graphite crystal monochromator and Mo Ka line was used for
transmission measurements. The camera length was 10.7 cm. The effective area of CCD is
94.4 mm X 94.4 mm (pixel size is 0.082 mm) and small. In order to cover the scattering angle
26 of 2° - 140°, the angular range was divided into four blocks. Intensity measurement
without irradiation in a certain block was needed for the correction of background.
Measurements should be repeated twice in order to avoid irregular noise due to cosmic rays.
Thus, the total irradiation time is 50 min and this is similar to a case using an IP (imaging
plate) detector. Two-dimensional data on CCD were quickly transferred and stored in a
microcomputer. On the other hand, data on IP should be read by measuring luminescence
intensities stimulated by laser beam. The total time necessary before data analyses is shorter
in the present CCD system. Two-dimensional data were integrated to give one-dimensional
data and the resulting data were corrected for cell scattering, polarization, absorption, multiple
scattering and Compton scattering by a usual way.

Benzonitrile and N,N-dimethylformamide were measured by the present CCD system and a
usual 8-0 type diffractometer. The reduced intensities and radial distribution
functions obtained by the two methods agreed well within experimental
uncertainties.

Liquid structures of acetonitrile, propionitrile, acrylonitrile and benzonitrile are compared

and discussed.
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The formation of Rh(I)-carbonyl complexes with water soluble phosphine

ligands and their hydrogenation reactions in aqueous media
Jozsef Kovics,? Ferenc Jo6™°

? Research Group of Homogeneous Catalysis, Hungarian Academy of Sciences - University of
Debrecen, H-4010 Debrecen, P.O.Box 7., Hungary, e-mail: jozsef@tigris.kite.hu
b Institute of Physical Chemistry, University of Debrecen, H-4010 Debrecen, P.O.Box 7,
Hungary.

The rhodium complexes with water soluble phosphine ligands are very important catalysts of
alkene (e.g. propene) hydroformylation. In the Ruhrchemie-Rhéne Poulenc process’ of
propene hydroformylation the key to the success is the highly hydrophilic catalyst:
[HRh(CO)(mTPPTS);]. The same complex is also effective for 1-octene hydroformylation,
but its activity depends on the pH of the aqueous phase’. Our previous results® using
[RhCI(CO)(MTPPMS);] (mTPPMS=meta-mono-sulphonated triphenylphosphine, sodium
salt) precursor showed, that the formation of the active hydrido-carbonyl complex
[HRh(CO)(mTPPMS);] is strongly promoted in alkaline solutions.

We report the first successful preparation of [Rh(OOCCH3)(CO)(mTPPMS),] and the study
of its hydrogenation in aqueous solution; the results are compared to those obtained with the
chloro-carbonyl complex. The key step of the preparation is the complete halide removal.
According to the pH-metric and NMR results, in neutral and alkaline solutions the acetato-
and chloro-complex’ reacted similarly in hydrolysis and in hydrogenation to
[HRh(CO)(mTPPMS)3]. However, in the acidic range their properties are different, due to the
protonation of the labile acetate group.

Acknowledgement: The authors thank the financial support by the Hungarian National
Research Foundation (OTKA F037358).
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STUDIES OF BISMUTH TRIFLUOROMETHANESULFONATE
SOLUTION IN N,N-DIMETHYLTHIOFORMAMIDE

Krzysztof Lyczko e Ingmar Persson Z, Aleksander Bilewicz

" Department of Radiochemistry, Institute of Nuclear Chemistry and Technology, Warsaw,
Poland

*e-mail: kml@orange.ichtj.waw.pl
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Due to relativistic stabilization of the 6p?Z, pair bismuth exists in the uncommon oxidation

state +1, however, the Bi(I) cation is unstable in aqueous solution'. The aim of the present
work was to study stable species with bismuth in low oxidation states, and for this reason we
have investigated N,N-dimethylthioformamide (DMTF) solutions of dissolved bismuth
trifluoromethanesulfonate (Bi(OTf)3). Previously, it was found that DMTF solvent stabilised
lower oxidation states of the metal cations®. Upon dissolving anhydrous Bi(OTf); in DMTF
yellow-red solutions were obtained®. EXAFS studies have shown that one S atom in DMTF
molecule coordinates two Bi ions with a mean Bi-S bond distance of 2.54 A. In VIS spectra
the maximum of absorption was observed at 457 nm. IR spectra of the solution were recorded
and compared with the spectra of DMTF solvent*. The Bi-S stretching vibration appears at
289 cm’', similarly as for other metal solvates with the same ligand®. In the reduction half-
cycle of the voltammetric curve we observed two partially overlapping maximas, what
indicates that in this system, Bi may appear in two oxidation states: +1 and +3. However,
structural studies showed the equivalence of both Bi-S bonds in the dimer suggesting the
formation of a resonance structure with both Bi ions with the average oxidation state +2.

(1) Ulvenlund, S.; Bengtsson, L. A., Acta Chem. Scand., 1994, 48, 635
(2) Stdlhandske, C. M. V_; et. al., Inorg. Chem., 2001, 40, 6684

(3) Nislund, J.; et.al., Inorg. Chem., 2000, 39, 4012

(4) Stdlhandske, C. M. V.; et. al., Vib. Spectrosc., 1997, 14, 207
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Solid-Liquid Phase Diagrams of Some Salt Hydrate Mixtures
Y. Marcus, A. Minevich, and L. Ben-Dor

Department of Inorganic and Analytical Chemistry, The Hebrew University, Jerusalem
91904, Israel
Solid-liquid phase diagrams were obtained from cooling curve measurements on melts of
mixtures of Mg(NO;),-6H,0 (MgN) with Mg(CH3CO,),4H,0 (MgA) and with
AI(NO3);:9H,0 (AIN) and of NH4AI(SO4),-12H,0 (AAl) with NHSO, (AS) and with
Al(SO4)3nH,0 (n = 16 to 18) (AlIS). In mixture MgN+MgA a congruently melting
compound [Mg(CH3CO;)3;(H,0),]JNO; was found,' as well as a low-melting phase at a ratio
of 2 MgN : 1 MgA in the diagram, with eutectics at both its sides. In mixture MgN+AIN the
diagram differed from that by Mokhosoev and Got'manova’ for this system, having a much
deeper minimum and at a higher xan. Mixture AAIHAS showed the formation of a peritectic
at a mole fraction xas >0.45 and a broad minimum in the phase diagram at xas >0.6. In

mixture AIA+AIS a eutectic was found at x55 = 0.32.

It was attempted to model the MgN+AIN system up to xan = 0.4 by the BET method,’
according to which the liquidus temperature, T is given by:
In[as(T,x)aw/(T,x)] - In[as(Tm, Daw*(Tm,1)] = {Li~HsF~6Hw®}/R [1/T - 1/T,5]

where x is the composition (xav) at which T applies, L is the molar enthalpy of fusion of S =
MgN, W = H,0, j = 9xaiv + 6(1-xan), and the excess enthalpies, HE, are obtained from the
BET method, by which the salt and water activities a are calculated. Thus, for MgN the BET
parameters are r = 4.92 and ¢ = 107, L = 38.5 kJ/mol, hence, {L-Hs"~6HwE}/R = 3702 K and
In as(363,l)aw6(363,1) = 26.06. Iteration is carried out until a temperature T is found that
equates both sides. Agreement with the present phase diagram and with that of Mokhosoev
and Got'manova’ is obtained with assumed BET values for AIN: r = 11 and ¢ = 9.4 and 8.4,

respectively.
1. Sh. Cohen, L. Ben-Dor, and Y. Marcus, J. Crystal Growth, in press, 2003.

2. M.V. Mokhosoev and T.T. Got'manova, Russ. J. Inorg. Chem., 11, 466 (1966).
3. M.R. Ally and J. Braunstein, Fluid Phase Equil., 87, 213 (1993).
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Solubility of potassium hydrogen phthalate in potassium chloride solutions

A. Marques, M. 1. Ferra, R. Gouldo

Department of Chemistry, University of Beira Interior, Rua Marqués d' Avila e Bolama,

6201-001 Covilha, Portugal, e-mail: amba@ ciunix.ubi.pt

The salt potassium hydrogen phthalate has been intensively used in pH determinations
as its 0.05 mol kg™ solution was selected as a primary standard . The assignment of pH to
this standard, as well as to other buffers, requires the preparation of solutions to which small
portions of potassium chloride are added V. If the concentration of this salt is increased, it
may cause precipitation of potassium hydrogen phthalate due to its low solubility. For this
compound, only a few solubility data were found in the literature %,

In this work, solubility curves for potassium hydrogen phthalate have been
determined, in the temperature range 5 to 60 °C, at 5 °C intervals, in water and in potassium
chloride solutions at various molalities.

The experimental measurements were carried out by the equilibrium method ’ and the
amount of solute in the satured solutions was determined gravimetrically.

At 25 °C, the solubilities of potassium hydrogenphthalate in water and in a 2.7 mol kg’

! KClI solution were found to be 0.55 mol kg™ and 0.078 mol kg™ , respectively.

References:
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Thermodynamics of the Liquid-phase Ferro-ferrisulphate
Environmentally Safe Redox-process of Hydrogen

Sulphide-containing Gas Processing
V. P. Nesterenko

Belarusian National Technical University, 65, Scaryna Avenue, Minsk, 220027,
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Thermodynamics research of the liquid-phase processes of the hydrogen sulphide-containing
gas processing introduces an important problem with an aim of creation of wasteless or low-waste
technologies in many fields of industry.

The present work has studied the liquid-phase ferro-ferrisulphate redox-process, based
on usage of the following reactions (with regeneration of oxidant by chemical or
electrochemical methods):

H3S o+ Fe2(804)329= S thomb + 2FeS04 oq + HaSO4 55 ¢))
4FeS04 oq + 2H3804 ;g + 02, 5o = 2Fe3 (SO4)3 5q + 2H,0 o5 (¥))
2H" + 2 € = Hy, , (process on the cathode) ; 3)

Fe’ aq— € =Fe * aq (PrOCess on the anode) . @)

The studying of the reaction of H,S,,, oxidation by the solution of Fe(III) sulphate has

gas
been carried out in isoperibolic calorimeter of dissolution. The enthalpy of the reaction (1) is
found out and on its basis with the usage of reference data on the entropy of the initial and
reaction substances the temperature relation of Gibbs energy and the equilibrium constant of
the hydrogen sulphide oxidation process were obtained. The prospects of the ferro-
ferrisulphate process usage are shown both with thermodynamical and technological points of
view. Thus, the precipitation reaction of sulphur by Fe(III) sulphate solution even at 373 K
remains practically irreversible. And the regeneration of the waste solution by chemical or

electrochemical methods that do not influence on environment negative impact is possible.
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Selectivity Change of Water to Cobalt(II) Ion in Binary Mixtures of Water
and Aprotic Solvents with Strong Donor Properties

Yasuhiro Niwa, Kazuhiko Ozutsumi and Hitoshi Ohtaki

Graduate School of Science and Engineering, Ritsumeikan University
1-1-1 Noji-Higashi, Kusatsu, Shiga, 525-8577, Japan
E-mail : rc122956 @se.ritsumei.ac.jp

Water is a protic solvent with extensive hydrogen bonding (relative dielectric
constant &water) = 78.54"; donor number Dn(water) = 18.0%; acceptor number An(water) =
54.8Y).  N,N-Dimethyiformamide =~ (DMF), 1,1,3,3-tetramethylurea (TMU)  and
hexamethylphosphoric triamide (HMPA) are aprotic donor solvents. Some of their solvent
properties are as follows; DMF) = 36.71, §TMU) = 23.6, 4HMPA) = 29.31; Dn(DMF) =
26.6, DN(TMU) = 31.0, Dy(HMPA) = 38.87 ; AN(DMF) = 16.0, AN(HMPA) = 10.6” . The
solvation structure of cobalt(Il) ion in water and DMF is six-coordinate octahedral®. In bulky
solvents, such as TMU and HMPA, the solvation number is reduced for relaxation of the
sterically repulsive interaction around the central metal ion, and cobalt(Il) ion has a four-
coordinate tetrahedral structure” 3. The solvation structures of cobalt(Il) ion in binary
mixtures of water and these strong donor solvents have been determined by means of EXAFS
(extended X-ray absorption fine structure) and electronic spectroscopy.

In water-HMPA and water-TMU solvent mixtures, an octahedral — to - tetrahedral structure
change took place in the ranges of 0.6 to 0.8 mole fraction of HMPA and 0.9 to 0.94 mole
fraction of TMU, respectively. Preferential solvation of water was seen in hexasolvated
cobalt(I) ion, while HMPA and TMU selectively coordinate to tetrasolvated cobalt(II) ion. In
water-DMF mixed solvents, cobalt(II) ion was preferentially solvated by DMF in the ranges
of 0 to 0.6 mole fraction of DMF, while solvated by water in the ranges of 0.6 to 1 mole
fraction of DMF.

1) J. A. Riddick, W. B. Bunger and T. K. Sakamoto, “Organic Solvents”, 4™ ed. Wiley-
Interscience, New York (1986).

2) V. Gutmmann, “The Donor-Acceptor Approach to Molecular Interactions”, Plenum, New
York (1978).

3) K. Ozutsumi, M. Koide, H. Suzuki and S. Ishiguro, J. Phys. Chem., 97, 500 (1993).
4) Y. Inada, K. Sugimoto, K. Ozutsumi and S. Funahashi, Inorg.. Chem., 33, 1875 (1994).
5) K. Ozutsumi, Y. Abe, R. Takahashi and S. Ishiguro, J. Phys. Chem., 98, 9894 (1994).
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Activity coefficients of hydrochloric acid

in the system HCI1 + CH;CO,H + H,0

M. H. Bandeira and M. 1. A. Ferra

Universidade da Beira Interior, Rua Marqués de Avila e Bolama, 6201-001 Covilha,
Portugal, bandeira@ ciunix.ubi.pt

The activity coefficient of neutral species in aqueous solutions is often assumed to be
close to 1 and ignored in calculations of equilibrium constants, because the departure from
ideal behaviour is mainly attributed to electrostatic forces between ions. Nevertheless specific
interactions between charged and uncharged particles have to be taken into consideration
when solutions are not dilute and accurate determinations are required'.

The presence of acetic acid (HAc) molecules in hydrochloric acid aqueous solutions
will certainly alter the activity coefficient of this acid and the study of this influence is the aim
of the present work.

Activity coefficients of HCI have been determined in solutions of both acids with
varying composition and ionic strength, up to 2 mol kg", from potentiometric measurements
on galvanic cells without liquid junction, in which a commercial glass electrode (Methrom,
6.0133.122) and silver, silver chloride electrodes were used. These were prepared in the
laboratory, as described in the literature?.

The Pitzer formalism was applied to this system and a sum of the parameters realated
to interactions between the acetic acid molecule and the CI' and H" ions was evaluated at each

ionic strength.

References

(1) Pitzer, K. S., “Activity Coefficients in Electrolyte Solutions”, 1991, 2" ed., London, CRC
Press, Boca Raton

(2) Bates, R. G., “Determination of pH — Theory and Practice”, 1973, 2" ed., New York,
Willey
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Thermodynamic and Transport Properties of Aqueous tri-Sodium Citrate

System at 298.15 K
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Chemistry Department, Arak University, P.O. Box 38156-879, Arak, Iran
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Sodium citrate is an important organic salt in biotechnology, pharmaceutics and agriculture.
Thermodynamic properties such as activity and molar volume and transport properties such as
viscosity are needed to industrial equipment design.

In this work new measurement of the isopiestic water activity, density and viscosity of
aqueous tri-sodium citrate system (Cs¢HsNa3;O7) are obtained at 298.15 K. The parameters of
the Pitzer ion-interaction model are evaluated from isopiestic data. We also compared the
apparent molar volume at infinite dilution of group contribution method for C¢HsNa3;O5 (aq)
to our result evaluated from experimental density data. The experimental viscosity data have
been fitted to the Kumar and Jones-Dole equations. The Kumar equation parameters h and B,

and ion-ion and ion-solvent interactions by the least square method were obtained for this

system.
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Electrolytic conductance of aqueous solutions of lithium, sodium and

potassium cyclohexylsulfamates

Darja Rudan-Tasic and Cveto Klofutar

Biotechnical Faculty, University of Ljubljana, SI-1000 Ljubljana, Slovenia

e-mail: darja.rudan.tasic@ bf.uni-lj.si

The conductance of lithium, sodium and potassium cyclohexylsulfamate in water was
determined up to the concentration of 0.10 mol dm™ and in the temperature range from 298.15
K to 338.15 K. The investigated salts behave as strong electrolytes. The molar conductivity at
infinite dilution as well as the Onsager limiting slope were calculated. Both parameters
depend on the size of the cation and temperature. The association constants between ions were
determined by a method described by Ives using a stepwise extrapolation procedure. The
association constant was found to decrease with increasing size of the cation. From the
temperature dependence of the association constant the enthalpy and entropy of the
association process were calculated. The Gibbs free energy of association of the investigated
ions is negative, their value increasing with decreasing cation size. The enthalpy for the
association process is, within experimental uncertainities, equal to zero, while the entropy is
positive and decreases with increasing size of the cation. The association constant was also
calculated with the sphere-in-continuum model in which ions are regarded as hard spheres
immersed in a continuous medium. Agreement with the experimentally determined

association constant is relatively good.
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Hydration Structure around the Methylene-group of Glycine Molecule
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Neutron diffraction measurements on H/D isotopically substituted aqueous 4 mol% glycine
solutions have been carried out in order to obtain structural information on the hydration shell
around the methylene-group of glycine molecule in the partial structure function level.

Neutron diffraction measurements for sample solutions, I
(ND,CD,COOD)g,04(D20)0.96
II (ND,CH,COOD)g 04(D20)096, I (NOH,CD>COOOH)g g4(®H20)g.06, and
IV (NOH,CH,COOCH)( 04(OH,0)g.96 (°H: H/D = 64/36, by = 0), were performed at 25 °C
using ISSP 4G diffractometer installed at JRR-3M research reactor in Japan Atomic Energy
Research Institute (JAERI), Tokai, Japan. The incident neutron wavelength, A=1.104 +
0.005 A, was employed. Scattered neutrons were collected over the angular range of 3 <26<

115°, corresponding to 0.30 < Q <9.60 A-1 (Q = 4nsin@4). The details of the hydration
structure around the methylene-hydrogen atoms were deduced from the partial structure
factors, agyH,, (@) and ay, x(Q), (Hpp: methylene hydrogen, Hey: exchangeable hydrogen,
and X: O, N, Hyp, and C atoms, respectively) which were derived from the combination of
observed first-order difference functions!, DAH(Q), between cross sections for samples I and
I, and OHAH(Q), between those for samples III and IV, respectively. Structure parameters for
the first hydration shell around the methylene-hydrogen atom, were determined from the least
squares fitting analysis of observed aHpH, (@) and agy;x (@) functions.

The nearest neighbor Hpg--Owy (Owy: water oxygen) and HygHyy (Hyy: water hydrogen)
distances were determined to be 2.64(1) and 2.87(1) A, respectively, suggesting that water
molecules in the first hydration shell take some preferred orientation. The present value of
the coordination number, nyy ..oy = 0.86(3), implies that ca. 2 water molecules are involved

in the first hydration shell around the methylene-group of the glycine molecules.

Reference

(1) Enderby, J. E.; Neilson, G. W., "Water, A Comprehensive Treaties", Plenum Press, 1979,
Vol. 6, p. 1.
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Excess Properties of Binary Mixtures of 1-Methyl-2-pyrrolidinone
with Water or Water-d,

Pirketta Scharlin', Taru Ruohomaa' and Krister Steinby?

! Department of Chemistry, University of Turku, FIN-20014 Turku, Finland; e-mail: pirscha@utu.fi
2 Department of Physical Chemistry, Abo Akademi University, FIN-20500 Abo, Finland

This work is continuation to our systematic study of deuterium isotope effects on
thermodynamic properties in binary mixtures of water with various dipolar aprotic solvents.'?
Dipolar aprotic compounds as the organic component in binary aqueous mixtures are
interesting for example because of their solvent effect on rates of reactions.” Many of them,
like 1-methyl-2-pyrrolidinone (NMP), are also versatile solvents in various industrial
processes. Excess properties of binary mixtures of H,O with NMP have been reported in the
literature quite extensively. However, studies on the properties of corresponding systems
containing D,O instead of H,O do not exist.

In the present work densities and refractive indices of binary mixtures of H,O or D,O
with NMP have been measured over the entire mole fraction range at temperatures from
278.15 K to 318.15 K. A Sodev 03-D vibrating-tube high precision densimeter, operated
under the static mode, was used in the density measurements and an Abbe type ATAGO 3T
refractometer in the refractive index measurements. Molar volumes, excess molar volumes,
partial molar volumes, excess partial molar volumes and their derivatives with respect to
temperature were calculated from the results of density measurements. Various mixing rules
for the refractive indices in the mixtures were applied to predict the excess molar volumes

from the refractive index measurements.

(1)Scharlin, P.; Steinby, K.; Domanska, U., J. Chem. Thermodynamics 2002, 34, 927
(2)Scharlin, P.; Steinby, K., J. Chem. Thermodynamics 2003, 35, 279

(3)Kankaanperd, A.; Scharlin, P.; Kuusisto, I.; Kallio, R.; Bernoulli, E., J. Chem. Soc., Perkin
Trans. 2 1999, (2), 169
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Coordination Chemical Application of FTIR-, Raman-, Mdssbauer
spectroscopies, X-ray diffraction and EXAFS

Erzsébet Kamu', Hajnalka Jankovics', Attila Szorcsik' L4szl6 Nagy” and

Toshio Yamaguchi®

! Bioinorganic Chemistry Research Group of Hungarian Academy of Sciences, 6701 Szeged,
Dom tér 7., P.O. Box 440, Hungary (szorcsik@chem.u-szeged.hu)
zDepanment of Inorganic and Analytical Chemistry, University of Szeged,
3Department of Chemistry, Fukuoka University, Japan

The aim of the presentation is to discuss the applicability of the titled methods in
coordination chemistry, together with their theoretical basis. The examples involve complexes
between organotin(IV) compounds and biologically active ligands. The ligands used for
preparation contained different donor atom such as: polyhydroxy-alkyl-carboxylic acids
{0,0}, captopril {O,N,S}, DNA fragments {(P)O, ribose(O)}, and picolinic acids
(aromatic{N}, {O}). The bonding sites of the ligands were determined by FTIR and Raman
spectroscopies. The information about the local tin environments of tin central atom were
measured by using Mssbauer spectroscopy.

The EXAFS method is suitable for the determination of the local structure of
organotin(IV) complexes formed both in solution or in the solid state. The method provides
structural information relating to the radial distribution of atom pairs in a system: the
coordination number in the first, second and sometimes in the third coordination sphere, the
interatomic distances and their root mean square deviations.

X-ray crystallographic observations on compounds containing a ligand and a metal
salt in stochiometric proportions do not constitute to evidence of complex formation in
solution. On the basis of the crystal structures, it is not possible to predict complex formation
in solution, because when the crystals are dissolved in polar solvents, hydrogen bonds may be
broken and water or some other solvent molecule may displace one of the coordinated groups

of the ligand from the coordination sphere of the metal ion.
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Complexation of hydronium and ammonium ions by lower rim

calix[4]arene tetra(O-[N-acetyl-R-phenylglycine methyl ester]) derivative
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*Department of Chemistry, Faculty of Science, University of Zagreb, Zagreb, Croatia
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Binding of hydronium ion with 5,11,17,23-tetra-tert-butyl-26,28,25,27-tetrakis(O-methyl-
D-a-phenylglycinecarbonylmethoxy)calix[4larene' (L) in acetonitrile was studied by 'H
NMR spectroscopy, spectrophotometry and conductometry. NMR showed that H;O* was
probably bound by hydrogen bonds to the ether oxygens of calix[4]arene. The stability
constant of the 1:1 complex determined at 25 °C and I, = 0.01 mol dm? (Eu4NCIO4) by
spectrophotometric titrations (Ig K = 4.11) was in satisfactory agreement with the one
determined by conductometry (Ig K = 4.25). No significant influence of the intentionally
added water upon the complexation reaction was observed up to the water volume fraction of
approximately 0.05 %. The complexation of ammonium ion by L in acetonitrile was also
investigated spectrophotometrically and the stability constant of the NH,L* complex was
found to be Ig K = 2.36.

The stability of the H;OL* complex is considerably lower than that of NaL*, and the same
holds for the comparison of NH,L* and KL* complexes.? As in both cases the cations are of
comparable size (which is important for fitting into the calix[4]arene cavity), the difference in

complex stability constants is presumably due to the stronger solvation of H;O* and NH4*

compared to Na* and K" in acetonitrile.

(1) Frkanec, L.; ViSnjevac, A.; Koji¢-Prodié, B.; Zinié¢, M., Chem. Eur. J. 2000, 6, 442.

(2) Gali¢, N.; Tomisi¢, V.; Bertosa, B; Frkanec, L.; Simeon, VL.; Zini¢, M., Complexation of
alkali cations by lower rim calix[4]arene tetra(O-[N-acetyl-R-phenylglycine methyl ester])
derivative, 28" ICSC, Debrecen, 2003.
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Since room-temperature ionic liquids (ILs) such as imidazolium and pyridinium salts

have negligible vapor pressure and high chemical and thermal stabilities, they are of growing

importance as a alternative to conventional organic solvents.! In this report, in order to

understand the solvent properties of ILs, we measure the self-diffusion coefficients (D) and

multi-nuclear ('H, "B, C, “F, and *'P) relaxation times (7}) in [BMIM][BF4] and

[BMIM][PFs] ((BMIM]" = 1-butyl-3-methylimidazolium cation) by NMR spectroscopy with

a pulsed field gradient technique.

The temperature dependence of D of cationic and anionic species in [BMIM][BF,] is

shown in Figure 1 together with those in [EMIM][BF;] ((EMIM]*

methylimidazolium cation).? Although D of [EMIM]"* is
larger than that of [BF;]” in [EMIM][BF,], there is no
apparent difference in D between [BMIM]" and [BF,] in
[BMIM][BF,] with a longer alkyl chain. We will discuss
the rotational dynamics as well as the translational
diffusion in [BMIM][BF,] and [BMIM][PFs] in
connection with the macroscopic viscosity.
References:

(1) Welton, T. Chem. Rev. 1999, 99, 2071.
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Figure 1. Arrhenius plots of D of cationic (circle)
and anionic (square) species in [BMIM][BF,].
The solid and dotted lines indicate D of cationic

and anionic species in [EMIM][BF ), respectively.

(2) Noda, A.; Hayamizu, K.; Watanabe, M. J. Phys. Chem. B 2001, 105, 4603.
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Kinetics and Activation Thermodynamic of Amide Bond Cleavage of
o, 0-Dialkylglycines Derivatives

Cristina Ventura', Lidia Albuquerquez, Raquel g.‘wongalves-Maiaz, Wei-Qun Jiang3, Hernani
Maia

! Education and Sciences Institute, Alameda das Linhas de Torres, 179, P-1750-142 Lisbon,
Portugal, cventura@isec.universitas.pt
2 Department of Chemistry and Biochemistry, Faculty of Science, University of Lisbon,
Campo Grande, P-1749-016 Lisboa, Portugal, Imalbuquerque@fc.ul.pt
? Department of Chemistry, University of Minho, Gualtar, P-4710-320 Braga, Portugal,
hmaia@quimica.uminho.pt

o,o-Dialkylglycines are finding applications in the synthesis of biologically important
compounds. The synthesis of a series of such compounds and preliminary results of rate
constants, k, for the cleavage of the amide bond at their C-terminus, at 25 °C were presented

recently’).

Having in mind to obtain an insight into the energetics of reaction, we extended the kinetic
study to the dependence on temperature of k. The kinetics of the bond cleavage was
monitored by HPLC and accurately characterised by a first-order behaviour.

According to the Transition State Theory, we obtained the activation parameters, namely,
the enthalpy, A*H, and the entropy, A”S, of activation, at 25 °C

H

\
N—R"
(o]
R
)@A"
)\ R
Me
\O (o] R"

R R’ R" kx10°/5" | A*H/KJmol! | A”S/Jmol?

CH,4 CeH,, Ph 23.13 65.6 -74.7
CH, CeH 1, PhCH, 5.07 68.8 -76.3
CH, | 4-CH;0C¢H.CH, Ph 11.56 73.4 -55.0
CH, [ 4-CH,0C¢H.CH, | PhCH, 1.98 79.9 -474
CH,Ph CeH,, Ph 3.38 60.4 - 108.3
CH,Ph CeH1, PhCH, 2.91 65.5 -924
CH,Ph | 4-CH,0C¢H,CH, Ph 1.96 73.4 -69.4
CH,Ph | 4-CH;OC¢H,CH, | PhCH, 1.95 714 -77.1

The role of the substituents is analysed in terms of position and size in connection with steric
hindrance and conjugation effects.

(1) Jiang W-Q.; Costa S.P.G.; Gongalves-Maia R.M. and Maia H.L.S.; Peptides 2002, 966-
967
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Enthalpy of Solution of Fullerene [60] in Some Aromatic Solvents

P. L. O. Volpe, G. H. M. Dias, M. H. Herbst, R. B. Torres and J. Gobi Magalhaes.

Instituto de Quimica, Universidade Estadual de Campinas, Campinas — SP, Brazil, CEP
13084-971 volpe@igm.unicamp.br

Fullerenes are highly symmetrical cage-like molecules of carbon, and represent a special class
of spherical quasi-aromatic systems'? that interact with solvent molecules in ways that
provide new information on solute-solvent interactions.

Fullerene [60] has more resonance structures than fullerene [70] because of its higher
symmetry3, thus is more polarizable than C7o and will present larger solvation energy than Cs
in the same solvent.

The interest in understanding the solubility of Cg¢p and Cyo arose since the solvent plays a
crucial role during the extraction, isolation and purification of fullerenes. Solubility of
fullerene Cgo ( and other fullerenes ) in organic solvents should be influenced by several
solvent properties such as the Hildebrand’s solubility parameter and the polarizability.

In this work, enthalpies of solution Ay H® of fullerene [60] in benzene, toluene,
bromobenzene, 1,2-dichrorobenzene and nitrobenzene have been measured in a Precision
Solution Calorimeter at 298 K, using the ampoule breaking technique. The dissolution of Cgg
in these aromatic solvents was observed to be exothermic, with exception of benzene, in
which the enthalpy is zero. We attempted to correlate (Asoin H® of Ceo in these solvents with

the solubility; Hildebrand’s solubility parameter; and polarizability parameter.

1. Fowler, P.W. and Woolrich, J., Chem. Phys. Lett. 1986, 127,78
2. Haddon, R.C., Brus, L.E., Raghavachi, K., Chem. Phys. Lett. 1986, 125, 459
3. Kroto H. W., Nature, 1987, 329, 529,
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Raman Spectroscopic and X-Ray Diffraction Measurements on The

Solvation Structure of Halide Ions in Acetonitrile

Kei Wakabayashi, Kazuhiko Ozutsumi, and Hitoshi Ohtaki

Graduate School of Science and Engineering, Ritsumeikan University
1-1-1 Noji-Higashi, Kusatsu 525-8577, Japan
e-mail : rc013981 @se.ritsumei.ac.jp

Anionic solvation as well as cationic solvation in electrolyte solutions is a very important
phenomenon. = We have investigated the solvation structure of halide ions in
dimethylsulfoxide (DMSO, Ay = 19.3) and it was suggested that S atom and CHj; groups of
DMSO interact with halide ions”. In the present study, the solvation structure of halide ions
in acetonitrile (AN, Ax = 19.3) is investigated by means of Raman spectroscopy and X-ray
diffraction.

The peak due to the CH; symmetric stretching vibration was observed at 2944cm™ in the
Raman spectrum of neat AN, and around this peak, there appeared peaks due to overtones and
combinations of various vibrations. Thus, deuterated acetonitrile (AN-d3;) was used in the
spectroscopic study. Two shoulders appeared when Nal was dissolved in AN-d;. One was
located at the higher wavenumber side of the CN stretching band of neat AN-d3, and the other
was at the lower wavenumber side of the CD3; symmetric stretching band.. In order to extract
the main effect caused by cations, LiClO4 and NaClO, were used. In the Raman spectra of
these solutions, no shoulder was seen at the lower wavenumber side of the CD3; symmetric
stretching band. Chloride, bromide and iodide of tetra-n-buthylammonium (TBACI, TBABr
and TBAI, respectively) were used for evaluation of anionic effect to the Raman spectra.
There was no shoulder at the higher wavenumber side of the CN stretching band when
TBACI, TBABr and TBAI were dissolved.

From these observations, it is concluded that the CN and CD3 groups of AN-d; mainly
interact with cation and anion, respectively. The peak shift of the CN stretching band toward
the higher wavenumber side increased in the order Li* > Na’ in the alkali perchlorate
solutions, and that of the CD3 symmetric stretching band toward the lower wavenumber side
increased in the order CI" > Br" > I' in the tetra-n-buthylammonium solutions. X-Ray
diffraction measurements are being examined to determine the structure of the solvated halide
ions, as well as of the cations in AN.

(1) K. Wakabayashi, Y. Maeda, K. Ozutsumi, and H. Ohtaki, J. Mol. Liquids, in press.
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Coordinating states of metal ions in solutions of perchlorates, chlorides and

bromides in dimethyl sulfoxide
Dorota Warminska, Wactaw Grzybkowski

Department of Physical Chemistry, Technical University in Gdansk, ul. Gabriela
Narutowicza 11/12, PL-80-952 Gdansk, Poland. E-mail:dorota@chem.pg.gda.pl

The densities and the apparent molar volumes of perchlorates, chlorides, bromides of the
manganese(Il) — zinc(Il) series in dimethyl sulfoxide were determined. Respective partial
molar volumes of salts were obtained by extrapolation technique. Using data for metal

perchlorates, which exist in DMSO as the well defined hexa-solvates of

M(DMSO)%+ -2C104 type, the limiting partial molar volumes of the hexakis(DMSO)

cations were derived and discussed in terms of the ligand field effects. The type of an anion
and the electron structure of a cation effect on the partial molar volume of a salt were
demonstrated and discussed. The results show that coordination states of metal chlorides and
bromides in DMSO are much more complex than those of the respective metal perchlorates.
Only nickel(II) bromide and cobalt(II) bromide do not form any coordinating complexes in
solution at all and exist in similar form as respective metal perchlorates. Both zinc(II)
bromide and zinc(II) chloride exist in DMSO solutions as the neutral tetrahedral complexes:
Zn(DMSO),Cl; and Zn(DMSO),Br,. Apparent molar volumes of chlorides and bromides of
manganese(II) and copper(II) which are close to each other but, at the same time, differ
significantly from the apparent molar volumes of their perchlorates, suggest formation of
mixtures of tetra- and octahedral complexes in DMSO. The apparent molar volumes of
extremally different mixtures Zn(ClO,); — ZnCl, and Ni(ClO,); — NiBr; in dimethyl sulfoxide

were determined. A method, utilizing density measurements for studying solution equilibria,

was suggested.
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Zeolite-supported oligomeric Cu(II) chelate complexes as
pseudohomogeneous catalysts in liqui-phase oxidation

Alexandre N. Zakharov
Chemistry Department, Moscow State University, 119899 Moscow, Russia, Fax: (095)932-
8846, e-mail:alex@zakhar.msk.ru

Oligomeric chelates of transition metals and polinuclear complexes are known to
exhibit a prominent catalytic activity and high selectivity under mild conditions. These
compounds usually are poor soluble and could not be effective homogeneous catalysts.
However, after being supported the oligomeric Cu(II) chelates show the outstanding catalytic
activity for liquid-phase reactions. The A zeolites are of particular interest for
heterogenization of the oligomeric Cu(II) chelates.

This work reports the preparation of oligomeric Cu(II) chelates topologically anchored
on molecular sieve (zeolite 5A) and the study of the catalytic behaviour in liquid-phase
oxidation of 2-adamantanone with hydroxy peroxide to give corresponding lactone as a main

product. The oligomeric catalyst

Zeolite chains were formed as shown on the
_/ : scheme.

The topologically-anchored

\ ........ /- Oligomeric Cu(II) chelate

oligomeric Cu(Il) chelates were
proved to operate as pseudohomogeneous catalysts under conditions on consideration. The
active centers of the oligomeric catalyst chains exposed to the solution are easily accessible
for the substrate molecules. The catalytic activity is proportional to the amount of Cu(Il) in
the sample as it observed for the same reaction in the presence of the homogeneous catalyst

that is monomeric Cu(II) chelate.
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Thermodynamics of solvation interactions in liquid-phase systems

Zakharov A. G., Afanasyev V. N,, Tyunina E. Yu.

Institute of Solutions Chemistry of RAS,
Akademicheskay str.,1, 153045 Ivanovo, Russia

E-mail: vna@isc-ras.ru

With the purpose of development of the in essence new quantitative approach for
detection of functional activity of reagents in chemical processes in solutions, two approaches
to investigation of a solvation under isentropic conditions (S=const) are offered. First of them
takes into account of a compressibility of solvation spheres of solute ions at changing of
concentration and gives rise to small temperature dependence of a molar isentropic
compressibility of a solvation complex of ions and its numbers of a solvation (h). This is
shown on examples of aqueous solutions of alkali metals halide, nitrate, thiosulphate and
others. In this case the change of h values is the main contribution of concentration
dependence of solvation process, at the same time the temperature have influence on the
solvation of an electrolyte through only changing structure of a solvent. The second approach
bases one-self upon more correct thermodynamic relations. The derivative of volume of a
solvent on pressure at fixed S(aq) will be consisted of the derivative of solvent volume on
pressure at a constancy of an entropy of a solvent (S,’) and the additional term (Ay) designed
from the thermodynamic equations proposed by J.C.R.Reis. The ion solvation numbers
obtained can be substituted in the active mass law and enable to determine true the
equilibrium constants and the rate constants (and, hence, and mechanism) of reactions in
solutions. The method of precise definition of the concentration corresponding to a complete
solvation ionic spheres of solute is proposed. It is based on the dependence of a rational
activity coefficient of a solvent (Yr=aw/X;"™*) from hydration number of an electrolyte (h),
which is typical example of a discontinuous function. The approach is realized for aqueous

solutions, as well as nonaqueous solutions of electrolytes (including liquid-phase systems

used in chemical powers sources).
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abstract not recieved
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Application of capillary zone electrophoresis in analysis of cephalosporins

M. Andrési, A. Géspdr, Sz. Kardos
Department of Inorganic and Analytical Chemistry, University of Debrecen,
POB 21, 4010 Debrecen, Hungary

The cephalosporins are semisynthetic antibiotics, which are derived from the cephalosporin C
(one of the fermentation products of Cephalosporium acremonium). The cephalosporin
antibiotics have a B-lactam ring fused with a 6-membered dihydrothiazine ring. Since more
and more cephalosporins have been found that cannot be absorbed orally and must be
administrated intravenously or intramuscularly, the interest is focused on the study of the
bioavailibility. Recently the capillary electrophoresis (CE) has proven to be a powerful
technique for the analysis of these compounds.

For the separation of the 14 different cephalosporins investigated capillary zone
electrophoresis (CZE) was used. The influence of different parameters (pH and the
concentration of the buffer electrolyte, the length and the inner diameter of the capillary,
applied voltage, pressure of injection) on the migration times of the cephalosporins and the
efficiency of the separation were studied. The optimated method was validated by the
evaluation of the selectivity, precision (migration time and peak area), accuracy, linearity and
range, detection limit and quantification limit for all compounds investigated.

The method was applied also to monitor the solution stability of some selected cephalosporins
in solution. The presented method seemed to be well suitable, effective tool for analysing

cephalosporin antibiotics both in pharmaceutical formulations and in biological, clinical

materials.
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Metal-Glyphosate Complexation in Solution and at the

Metal Oxide-Solution Interface

Caroline Norgren, Julia Sheals, Madeleine Ramstedt, Per Persson and Staffan Sjéberg
Department of Chemistry, Inorganic Chemistry, Umed University, S-901 87 Umea, Sweden

E-mail: caroline.norgren@ chem.umu.se

Glyphosate (N-(phosphonomethyl) glycine, PMG) is a widely used herbicide due to its high
activity, very low toxicity to animals and short residence time in soil. In a few days
glyphosate is immobilised and degraded in the soil to the non-toxic products CO,, PO,* and
NH3 or adsorbed to colloidal fractions as organic matter and clay minerals. Glyphosate is
strongly polar and has a zwitterion structure depending on pH. Metal ions are believed to play
a role in the adsorption process of glyphosate to colloidal fractions, which makes the

coordination chemistry of glyphosate very interesting.

Glyphosate (PMG) has been studied with respect to its acid-base properties and complexation
with cadmium(II) and copper(II), respectively. Adsorption experiments of PMG, PMG-Cd(II)
and PMG-Cu(Il) complexes onto manganite (y-MnOOH) and goethite (a-FeOOH) surfaces

have been done and interpreted in terms of a surface complexation model. The model is based

on data obtained from measurements with FT-IR, XPS, EXAFS' and potentiometric titrations.

(1) Sheals, J. Molecular characterisation of glyphosate complexes in aqueous solution and at

the solution-mineral interface. PhD thesis, 2002. Umea University, Sweden.
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Impact of Z- E- isomerism and number of A-aminoacid residues on binding

abilities of dehydropeptides.

Justyna Brasuri®, Jolanta Swiatek-Koztowska®, Maciej Makowski®

® Department of Basic Medical Sciences, Medical University, Kochanowskiego 14, 51601
Wroctaw, Poland; e-mail: jsk@basmed.am.wroc.pl
b Department of Organic Chemistry, University of Opole, 45052 Opole, Poland

Dehydropeptides are natural or synthetic peptides that include double bond between - and -
carbons in amino acids side-chains. They have interesting biological and chemical properties.
The most known biological activity of dehydropeptides is antibiotic activity'. Some
dehydropeptides are derivatives of natural peptides [e.g. hormones?]. It is interesting that
insertion of (Z) or (E) isomers of dehydroamino acids into the peptide molecule influence
distinctly its biological activity. The Z-isomers are more common and they are foud, e.g. in
antibiotics.

Presence of double bond between o~ and B-carbons have a strong impact on coordination
ability of dehydropeptides. They are more effective ligand for metal ions than adequate
peptides without dehydroamino acids®. The two major effects influence the binding of metal
ions to dehydropeptides. One derives from the electronic properties of the Co=Cp double
bond, second one from the steric features of dehydropeptides’. The study on the binding
ability of Z-, E-dehydropeptides shown, that the Z-isomers are more effective ligands for
metal ions e.g. Cu(Il), Ni(Il), than E-isomers. The presence of bulky side chain in the

dehydroamino acid residue may also be critical for the coordination mode.

Acknowledgements:

This study was supportedb by grant No. 441, of the Wroclaw Medical University

References:
(1) Coogan T.P., Bare R.M., Waalkes M.P., Appl. Pharm., 1992, 2, 113
(2) Waalkes M.P., S. Rehm, Fundam. Appl. Toxicol., 1994, 23,21
(3) Swiatek-Koztowska J., Brasun J., Chruscinski L., Chruscinska E., Makowski M., New J. Chem., 2600,
24,893
(4) Sorokin V.A., Valeev V.A,, Gladchenko G.O., Sysa I.V., Biofizyka 42, 1997, 1, 105
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Investigation of solution equlibiria between alumnium (III)-ion and
L-histidine by ¥Al, *C and '"H -NMR spectroscopy

M.. Cvijovi¢', J. Zakrzewska?, P. Djurdjevic'
M.. Cvijovi¢

! Faculty of Sczence, 34000 Kragujevac, P.O. Box 60, Yugoslavia, e-mail : preki@knez.kg.yu
Institute of General and Physical Chemistry, 11000 Beograd

Solution equilibria between aluminium (III)-ion and L-histidine at Al to His concentration
ratio 1:5 (Ca, -50 mM; Cpis = 250mM) and pH values between 1.8 and 6.4 have been studied
by ¥Al, PC and 'H -NMR spectroscopy. Some of obtained ¥ Al -NMR spectra are shown in
Figl.

o
i
0
ko
=

Fig.1. Al -NMR spectra of Al+His solutions

The obtained results show that complex formation between AI** and L-histidine
begins at pH=5.0 and concentration ratio [His ] to [Al] 1:5
Upon rising the pH from 4.5 to 6.4 Al** signal at §=0 dissappears and new medium -broad
signal appears which is slightlly shifted downfield.

In the same time signal arising from tridecamer at 6=66 ppm dissappears at pH =5.5
showing that at this pH value AI(OH)4" dominates .It may be calculated that the dominating
Al-His complex in solution may have the composition AI(OH)(Hhis)** and further work on
confirmation of this in in progress.

References

1) C. Alfrey, Toxicity of detrimental metal ions: aluminium. In G. Berthon (editor),
Handbook of metal-ligand interactions in biological fluids Bioinorganic medicine.
Vol.2 Marcell Dekker, 1995. pp735-742
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Metal Ion Complexes of 5- and 6-Uracilmethylphosphonate
(5Umpaz‘ and 6Umpa2" ) in Aqueous Solution

Rolf Griesser”, Cristdbal F. Moreno-Luque?, Justyn Ochocki®, Helmut Sigel?®

@University of Basel, Department of Chemistry, Inorganic Chemistry,
Spitalstrasse 51, CH-4056 Basel, Switzerland (e-mail: rolf.griesser@unibas.ch)

bFac. of Pharmacy, Bioinorg. Chem., Medical University, PL-90-151 Léd%, Poland

Derivatives of 5- and 6-uracilmethylphosphonate prolong in combination with Cisplatin the

survival time of mice with lymphoid leukemia.! Since metal ions are likely to be involved in

X

the biological action of these phosphonate derivatives, we extended our

earlier studies? of the Mg?* and Ca2* complexes of SUmpa?~ and

I

w
>°i”2w
< x

ﬂ 6Umpa?~ by determining the stability constants of the complexes with
2 v
SUmpa: X=T3%P% Mn2*, Co?*, Cu?*, Zn* and Cd?* (= M2%) in aqueous solution
6Umpa®: X=—H ) o
Y=—CH,PO;" (potentiometric pH titrations; 25 °C; I = 0.1 M, NaNO,). By using

previously established straight-line plots of log m(R_pOJ) versus pKﬁ(R_po3) (where R-P023' =
simple phosphate monoester or phosphonate ligands with a non-interacting residue R), it is
shown that the M(6Umpa) complexes have the stability expected on the basis of the basicity
of the phosphonate group in 6Umpa®; i. e., this ligand may be considered as a simple
analogue of uridine 5'-monophosphate, whereas the M(5Umpa) complexes are slightly more
stable by about 0.1 to 0.3 log units, which is indicative of a M2* nucleobase interaction.

In the higher pH range deprotonation of the uracil residue occurs with formation of
M(5Umpa-H)~ and M(6Umpa-H)~ complexes. By taking into account recent results® for
complexes of M2+ with N3-deprotonated uridine preliminary evaluations show that a second
M2* can be coordinated to the deprotonated uracil moiety in the M(5Umpa-H)~ and
M(6Umpa-H)~ species with formation of binuclear My(5Umpa-H)* and M,(6Umpa-H)*

complexes. A discussion of the stabilities and structures of the complexes will be presented.
Supported by the Swiss National Science Foundation, the Swiss Federal Office for Education
& Science (COST D20), and the Medical University of LodZ.

n Ochocki J.; Graczyk J., Pharmazie 1998, 53, 884-885.
2) Moreno-Luque C.F.; Griesser R.; Ochocki J.; Sigel H., Z. Anorg. Allg. Chemie 2001, 627, 1882-1887.
3) Knobloch B.; Da Costa C. P.; Linert W.; Sigel H., Inorg. Chem Comm. 2003, 6, 90-93.
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TRANSMISSION OF MAGNETIC INTERACTIONS BY
ORGANOMETALLIC COUPLERS. METALLOCENE SUBSTITUTED
NITRONYL-NITROXIDE RADICALS.
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Jaume Veciana, Daniel Ruiz-Molina, David Amabilino
Instituto de Ciencia de Materials de Barcelona (CSIC), Campus de la UAB,
E-08193 Bellaterra, Espaiia

J.Veciana@icmab.es

Synthesis of metallocene-nitronyl-nitroxide compounds of the iron triade by condensation of
metallocene -mono-, di- and tri-aldehydes with hydroxylamines and oxidation is reported.
This rare organometallic derivatives with one, two and three nitronyl-nitroxide free radicals
show interesting electronic interaction through the central metal. Here we report on the
synthesis, epr spectroscopy, magnetic susceptibility measurements and structures of the
mono- and diradical- ferrocene and triradical- ruthenocene compounds.

Reaction of the diradicals and triradicals with manganese hexafluoracetylacetonate gives,
depending on the reaction conditions different magnetic clusters with two- or three-

dimensional extended structures.

Angew. Chemie, 2000, 112, 3842
Chem.Commun., 2002, 2343

We are grateful for genereous support by the Fonds zur Forderung der Wissenschaftlichen
Forschung, Vienna (Project P13128), the Austrian Federal Ministry of Science (BMWYV), the
Accion Integrada Hispano-Austriaca HU 1999-0015 and the Human Capital and Mobility
Program of EU (Network: ERB CHRXCT 940538).
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Binding Constant of VO(IV) to Transferrin
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Interdisciplinaire en Sciences de I’Environment, Université du Littoral Cote d’Opale, ELICO
ESA 8013, 32 Avenue Foch, 62930 Wimereux, France, Department of Analytical and
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Yamashina-ku, Kyoto, 607-8414, Japan, ° University of Szeged, Department of Inorganic and
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Since the discovery of the insulin mimetic effect of vanadium, extensive research
works have been made not only to prepare and test more and more new complexes, but also to
monitor their possible transformations and to determine their actual chemical forms during
their transport in the blood stream and to the target muscle and fat cells, where they exert the
physiological actions. The speciations of VO(IV) were determined with the low molecular
mass components of the blood serum (e.g. citrate, lactate, phosphate, oxalate) in the case of
several carrier ligand. In this work we focus to the oxovanadium(IV) binding of the high
molecular mass components of the blood serum: transferrin (TF) and albumin (HSA). The
results in this field are contradictory. Namely, Chasteen et al. [1] reported K(VO-TF)/K(VO-
HSA) ~ 6 which means that the HSA should be the main VO(IV) binder as cysa/cte~ 11 in
the serum, while ion-exchange chromatography measurements [2] suggested the
predominance of the transferrin bound vanadium in the serum. Here we report our recent
results obtained for the ligand competition reactions of VO(IV) between transferrin and 1,2-
dimethyl-3-hydroxy-4(/H)-pyridinone or nitrilotriacetic acid in order to determined their
binding constants. Detailed UV- room temperature and frozen solution EPR spectroscopic
measurements suggest logKcong (VO-TF) = 14.3 + 0.6 (pH=7,5, Cuco, = 0,025 M).

[1] N.D. Chasteen, J.K. Grady, C.E. Holloway, Inorg. Chem., 25, 2754-2760 (1986)
[2] K. De Cremer K, M. Van Hulle, C. Chery, R. Cornelis, K. Strijckmans, R. Dams, N.
Lameire, R. Vanholder, J. Biol. Inorg. Chem. 7,884-890 (2002)
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Synthesis and spectroscopic characterisation of guanfacine with transitional

metals.

T. Jurca, L.Vicas, F. Banica

University of Oradea, Faculty of Medicine and Pharmacy, P-a 1 Decembrie 10, 3700 Oradea,

Romania, jurca68tunde @yahoo.com

Guanfacine (N-amidino-2-2,6,dichlorophenyl acetamide hydrochloride), a centrally acting
antihypertension drug, is used to treat high blood pressure. It also stimulates planning and
working memory of humans. The efficiency of that kind of drugs is improved when they act
in the form of their metal complexes. In this paper we report the synthessis of a series of
transitions metal complexes: [Cu(GUAF),](CsHsCOO);, [Cd(GUAF),J(CsHsCOO),,
[CA(GUAF);][HgL], [MnGUAF);][Hgls]. The given formula was confirmed by elemental
analysis. Structural studies including UV-VIS, FT-IR, FT-Raman and EPR spectroscopy were
performed in order to establish the conformational and structural changes appearing on
complexation. Comparison of the FT-IR and FT-Raman spectra of the ligands and the
corresponding complexes allowed us to predict the coordination geometry. The complexes
appear to be tetragonally coordinated and the metal to ligand molar ratio is found to be 1:2 for

all compounds.

References
¢)) [1] G. Jovanovski, P. Naumov, O. Grupée, B. Kaitner, Eur. J. Solid State Inorg. Chem.
35 (1998) 231.

2) J.Li, Y. Zhang, W. Lin, S. Liu, J. Huang, Polyhedron 11 (1992) 419.
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Synthesis, vibrational and EPR analysis of new complexes of pyrazinamide

with transitions metal (II)

T. Jurca, S. Cavalu, L. Vicas, F. Banica
University of Oradea, Faculty of Medicine and Pharmacy, P-ta 1 Decembrie 10, 3700

Oradea, Romania, jurca68tunde@yahoo.com

Four new mixed complexes combinations of pyrazinamide (pyrazinecarboxamide) have been
prepared and analysed by UV-VIS, FT-IR, FT-Raman and EPR spectroscopy:
[Me(PZA),Xm], where Me = Cu", Cd", Ni", Mn" and X = [Hg(SCN)4]*.

Pyrazinamide (PZA) is a well known anti-tubercle bacillus drug. The spectral features
suggest that the compounds are similar in structure to the Hofmann-type complexes formed
with [Hg(SCN)4]2' anions bridged by [Me(PZA)],** cations. PZA can coordinate through the
pyrazine ring nitrogens, the >C=0 and/or -NH; groups. FT-IR and FT-Raman techniques are
diagnostic of the coordination mode of PZA in complexes. The given formula was confirmed
by elemental analysis and the ligand to metal molar ratio is found to be 2:1 for Cd" containing

complexes and 1:1 in the case of Cu" , Ni", Mn"'.
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Complex formation of Salicylglycine with Ca(II), Mg(II) and AI(III)

Melinda Kilyén®, Imre Labadi® and Tamds Kiss®®

® Department of Inorganic and Analytical Chemistry, University of Szeged, P.O.Box 440, H-
6701 Szeged, Hungary (kilyen@sol.cc.u-szeged.hu), "Bioinorganic Chemistry Research
Group of the Hungarian Academy of Sciences, University of Szeged, P.O.Box 440, H-6701
Szeged, Hungary

The active site of a metalloenzyme usually consists of several donor atoms or groups
in a special arrangement to be able to bind metal ions. The metal centre formed is responsible
for the activity of the enzyme. In order to understand the role of the metal ions in mechanism
of enzymes and developing new synthetic metalloenzymes, it is necessary to know more
about the interaction of metal ions with peptides and proteins. For modelling the interactions
of proteins/peptides with hard metal ions the complex formation of salicylglycine (SalGly)
with Ca(Il), Mg(II) and AI(III) ions was studied in aqueous solution using pH-potentiometric,
UV-vis spectroscopic techniques and dynamic light scattering measurements. AI(III) ion was
found to form more stable complexes with SalGly than Ca(Il) or Mg(II) ions. While AI(III)
ion forms various 1:1 complexes of different protonation states in the pH range 2—7. Ca(ll),
Mg(Il) ions seem to interact with SalGly only in the basic pH range and form mixed hydroxo
species MLH_; at pH > 8. According to the UV-vis spectroscopic measurements in the species
MLH_, the carboxylate-O™ atom and the phenolate-O~ coordinate to the metal ions. In the
species AILH._,, formed at pH > 5.5, besides the direct coordination through the COO™ donor
the phenolic-OH is assumed to be in hydrogen bonding with the metastable hydrolytic product

of AI(III). Deprotonation of the peptide amide NH does not occur in these systems.
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C-P13

Binding and decomposition of GSNO by Ni(II). Comparison with other

metal ions.

Artur Krezel” and Wojciech Bal®

Faculty of Chemistry, University of Wroctaw, F. Joliot-Curie 14, 50-383 Wroctaw, Poland, e-
mail: arti@wcheto.chem.uni.wroc.pl
Institute of Biochemistry and Biophysics, Polish Academy of Sciences, Pawinskiego 5a,

Warsaw, Poland, e-mail: wbal@ibb.waw.pl

S-nitroso-glutathione (GSNO) and other low molecular weigh S-nitrosothiols (RSNO) play

not only a crucial role in transport processes of nitric oxide (NO) but they are also important

regulators of several protein functions [1]. Their physiological role concerning NO transport
requires high stability to carry nitic oxide but on the other hand not high enough, to be able to
release the load inside the cell. It is also known that some metal ions, especially transition
ones cause accelerated decay of GSNO to GSSG and NO [2]. We hereby present a wide
spectrum of stability studies of chosen S-nitrosothiols in vitro, indicating unusually important
influence of gamma-residue of glutamic acid on the stability of the most important S-
nitrosothiol: GSNO. Moreover, we show the influence of some Crucial metal ions (Cu(Il),
Ni(Il), Zn(II) and Cd(II)) on the stability of these compounds along with the results of
complexation studies revealing the thermodynamic properties of the species formed in

solution.

Acknowledgment:
The authors thank Polish the Committee for Scientific Research (KBN), grant 4 TO9A 030 22
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Specific behaviour of prion octarepeat domain in binding of copper(Il) ions

Marek Fuczkowski,* Henryk Koztowski,” Daniela Valensin,” and Gianni Valensin®

“Faculty of Chemistry, University of Wroclaw, F. Joliot-Curie 14, 50-383 Wroclaw, Poland;
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® Dipartimento di Chimica, Universita di Siena, via Moro, 53100 Siena, Italy.

Transition metal ions such as copper, iron and manganese are known to be widely
involved in the oxidative and inflammatory events occurring in aging and in
neurodegenerative disorders, including Parkinson’s disease, Alzheimer’s disease and FALS.'
Prion based diseases share with the disorders mentioned above many pathologic features,
including an oxidative damage of the brain and accumulation of the aggregated proteins. The
N-terminal part of the PrP apoprotein containing the fragment 29-124 is unstructured.’
Residues 51-91 contain an unusual glycine-rich repeat every eight residues. PrP was shown to
selectively bind copper within the octarepeats (PHGGGWGQ) region.” The solution and solid
state studies have shown that at around pH 7.4 the Cu(II) complex with metal ion coordinated
to imidazole and two Gly amide nitrogen atoms dominates, both in solution** and the solid
state.” Substitution of three Gly residues with other amino acids leads to destabilization of
biologically relevant Cu®* complex.®

The complete repeat domain, consisting of four following octapeptides PHGGGWGQ
that follow the nonapeptide of sequence PQGGGGWGQ, is believed to bind up to five Cu(Il)
ions cooperatively, with increasing affinity.” To test this hypothesis we have studied Cu(II)
ion binding by peptide systems that mimics respectively dimmer and tetramer of octarepeat by
means of potentiometric titrations and spectroscopic techniques (UV-VIS, CD, EPR and
NMR).

(1)A.L Bush, Current Opinion in Chemical Biology, 2000, 4, 184

(2) J. H. Viles, D. G. Donne, G. Kroon, S. B. Prusiner, F. E. Cohen, H. J. Dyson, P. E.
Wright, Biochemistry, 2001, 24, 85

(3) J. Stockel, J. Safar, A. C. Wallace, F. E. Cohen, S. B. Prusiner, Biochemistry, 1998,
37,7185

(4) M. Luczkowski, H. Koztowski, M. Slawikowski, K. Rolka, E. Gaggelli, D. Valensin,
G. Valensin, J. Chem. Soc., DaltonTrans., 2002, 2269

(5) C. S. Burns, E. Aronoff-Spencer, C. M. Dunham, P. Lario, N. I. Avdievich, W. E.
Antholine, M. M. Olmstead, A. Vrielink, G. J. Gerfen, J. Peisach, W. G. Scott, G. L.
Millhauser, Biochemistry, 2002, 41, 3991

(6) M. Luczkowski, H. Koztowski, A. Legowska, K. Rolka, M. Remelli, J. Chem. Soc.,
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A two-dimensional EPR study of copper(II) and some N-substituted
bis(aminomethyl)phosphinic acids. Microspeciation and coordination

modes

N. V. Nagy®, T. Szab6-Planka®, Gy. Tircsé®, R. Kirély®, Zs. Arkosi, A. Rockenbauer®, and E.

Briicher”

“Department of Physical Chemistry, University of Szeged, P. O. Box 105, H-6701 Szeged,
Hungary, nanori@chem.u-szeged.hu, *Department of Inorganic and Analitical Chemistry,
University of Debrecen, H-4010 Debrecen, Hungary, and ‘Chemical Research Center,
Institute of Chemistry, Hungarian Academy of Sciences, H-1525 Budapest, Hungary

Copper(II) complexes of five substituted

. . . . . . (o]
aminophosphinic acids were studied in aqueous R'\N/\u/\N,Rn
solution. The EPR spectrum packages recorded at R

. . . . Ll: R, =H, R,=H
various metal-to-ligand concentration ratios and pH ' :

L2: R, =H, R, =CH,C0O
were analysed by the “two-dimensional” computer L3: R,=CH,CH;, R,=CH,COO"
. . . . . L4 RRN= N
simulation method' which results in the formation w Q—COO'
constants and the EPR parameters of the various L5: R, =CH,CO0, R,=CH,CO0"

(micro)species simultaneously. We have found that

the coordination of the phosphinate-O occurs in protonated complexes of L1. For ligands L2,
L3 and L4, the coordination in different protonation states is reminiscent of mono and bis
complexes of simple amino acids. Here, however, the cis positions of the amino groups in
CuL are ensured by the structure of the ligand, and the isomers differ from each other in the
(equatorial or axial) position of the second carboxylate group. For L3 and L4, the
dimerization of this species has been shown. For L3, L4 and L5, the complex CuLH, and for
L4 and LS, the species CuLH, as well, have been identified. For L5, the dimerization of
CuLH and CuL predominates.

(1) A. Rockenbauer, T. Szabé-Pldnka, Zs. Arkosi, L. Korecz, J. Am. Chem. Soc. 2001 123
7646
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C-P17

TERNARY COMPLEXES of PALLADIUM(II) with THIOETHER and
IMIDAZOLE LIGANDS

Zoltan Nagy, Aniké Magyari, Zsombor Miskolczy and Imre S6vigé

Department of Inorganic and Analytical Chemistry, University of Debrecen, H-4010
Debrecen, Hungary, (nagyz@delfin.kite.hu)

Sulfur containing ligands are generally considered as the primary ligating sites and
transporting agents of platinum anticancer drugs under physiological conditions. The
thermodynamic equilibrium of multicomponent systems and the biological activity of
platinum complexes are, however, connected to the metal ion coordination of the nitrogen
donor ligands including guanine and/or imidazole. Ternary palladium(Il) complexes are
frequently used models to mimic the binding properties of the various platinum containing
drugs.

The solution equilibria, formation kinetics and structure of the ternary complexes formed in
the reaction of  monofunctional palladium(I) species ([Pd(dien)]**, [Pd(terpy)]*,
[Pd(bpma)]z““ and [Pd(dipeptideH_,)]) with monodentate thioether (Ac-Met) and imidazole
(Ac-His, Ac-Hm) ligands were studied by potentiometric, stopped flow and 'H NMR
measurements [1-3]. It was found that the coordination of imidazole-N donor atoms results in
the highest thermodynamic stability of ternary complexes, while the thioether complexes were
characterised by much faster formation kinetics. On the other hand, both kinetic and
thermodynamic parameters of thioether complexes were very much influenced by the other
donor functions present in the binary palladium(II) complexes. The following stability order
was obtained for the coordination of Ac-Met: [Pd(dien)]** > [Pd(GlyGlyH.,)] > [Pd(terpy)]**
~ [Pd(bpma)]2+ > [Pd(GlyMetH._,)], while the rate of substitution reactions was the highest for
[Pd(terpy)]** and [Pd(bpma)]**.

The metal ion coordination of imidazole nitrogen donors resulted in the formation of mono-
and dinuclear complexes containing N(1) or N(3) and both donor sites, respectively. The
linkage isomers of the mononuclear complexes were identified by NMR spectroscopy and it
was found that the ratio of isomers is a very sensitive function of the steric and electronic
effects caused by the tridentate ligands.
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SYNTHESIS AND COMPLEXATION PROPERTIES OF THE N,N’,N’-
TRIS(CARBOXYMETHYL-AMINOMETHYL)-PHOSPHINIC ACID

Rébert Pél, Ernd Briicher, Gyula Tircsé, Ferenc Kdlmén

Department of Inorganic & Analytical Chemistry, University of Debrecen, H-4010 Debrecen,
Egyetem tér 1. Hungary POB 21. E-mail: bbbaaattt@freemail.hu

In the last decades there is an increasing interest in the lanthanide(IIl) complexes of the open-chain
and macrocyclic polyaza-polycarboxylates, pclyphosphonates and phosphinates because of their
successful use in medical diagnosis and therapy. Therefore it is essential to “design” new ligands and
also to examine their equilibrium and Kinetic properties.

Recently we are interested in the synthesis and complexation study of the polyaza-polycarboxylates
containing an in-chain phosphinate group, because phosphinic acid peptides are specific inhibitors of
peptide hydrolytic enzymes since the nonhydrolyzable ~-P(O)OH-CH, bond resembles the transition
state of the hydrolyzable peptides.

Some symmetric derivatives of the bis(N-methyl)phosphinic acid, the bis-(glicinato-
aminomethyl)phosphinic acid (Hsbgmp) and the bis(iminodiacetic-aminomethyl) phosphinic acid
(Hsbimp) were synthesized and studied in our laboratory earlier. Now we have prepared an
asymmetric derivative, the N,N’,N’-tris(carboxymethyl-aminomethyl)phosphinic acid (Hjtcap).

We found a new procedure for the synthesis of the ligand Hytcap with the use of the Mannich-type
reaction.

The stability constants of the complexes formed with the ligand tcap have been determined by pH-
potentiometric titration. The equilibrium model was also supported spectrophotometrically. The
kinetic stability of the complexes was found to be relatively low. The metal-exchange reactions of the

complexes could be studied by stopped-flow method.
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THE EFFECT OF CARBOXYLATE GROUP ON THE
COMPLEXATION OF AMINO ACID DERIVATIVES OF
BIS(IMIDAZOL-2-YL) GROUP

K. Vérnagy®, Cs. K4llay®, H. Siili-Vargha®, D. Sanna® and G. Micera®

“* Department of Inorganic and Analytical Chemistry, University of Debrecen, H-4010
Debrecen, Hungary
b Research Group of Peptide Chemistry, Hungarian Academy of Sciences, H-1518 Budapest,
Hungary
¢ Department of Chemistry, University of Sassari, I-07100 Sassari, Italy

The ligands containing chelating bis(imidazol-2-yl) groups can potentially mimic the
active site of metalloenzymes, in which two or more imidazole and/or negatively charged
imidazolato groups bind the metal ions. The two imidazole nitrogens of bis(imidazol-2-yl)
group forming a six membered chelate are stable binding sites for metal ions studied (Cu(II),
Ni(II), Zn(Il)). The potential donor atoms of the amino acid chain connected to the
bis(imidazol-2-yl) groups are, however, able to change this coordination mode, if the ligand
has free terminal amino group in chelatable position with the amide and imidazole nitrogens.

The carboxylate group in the side chain of amino acid has effect on the complexation
of ligands. The results of the copper(Il) and nickel(Il) complexes of four amino acid

derivatives containing bis(imidazol-2-yl) group (Figure) will be presented.
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High performance chromatographic (HPLC) method for identification of

captopril in solution - the effect of pH

Vicas Laura, Bota Sanda, Jurca Tunde, Bénica F., Iovan V., Moisa Corina
University of Oradea, Medicine and Pharmacy Faculty, Str. Nicolae Jiga 29, Oradea-3700

lauravicas2003 @yahoo.com

Stability of captopril in aqueous solution depends on a series of factors like temperature, light,
humidity and pH.

Captopril was dissolved in 0.1 N NaOH solution and we have examined the influence of pH
on the identification of captopril by HPLC.

Aqueous solutions of captopril at different pH values (pH= 2, 4, 6, 8, 10) have been
chromatographed at the following time intervals to, tone weeks tiwo weeks tone months tiwo months - These
tests showed quite well that captopril is stable under acidic conditions. Therefore, for future
HPLC measurements of captopril acidic aqueous sample solutions should be used for good

reproducibility.

Reference:
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(2) U.S.Pharmacopeia National Formulary 23

(3) ICH Harmonised Tripatite Guidline — Stability testing of new drug substances and

products, 27 October 1993.
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Hydration structure of magnesium(II) ion at high temperatures and high

pressures
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1-1-1 Noji-Higashi, Kusatsu, Shiga, 525-8577, Japan

e-mail : rc001985@se.ritsumei.ac.jp

The structure of hydrated magnesium(Il) ion is a six-coordinated octahedron in water at
room temperature and atmospheric pressure. The change of hydration structure of
magnesium(II) ion has been studied with increasing temperatures and pressures.

The Raman spectra of magnesium(Il) chloride aqueous solutions with varying
concentrations were measured at 25 °C and 0.1 MPa. The intensity of the Raman band due to
the O-H stretching vibration of hydrogen bonded water molecules decreased and that of water
molecules bound to ions increased with increasing magnesium(II) chloride concentrations.
Hydrogen bonded water structure was broken with increasing magnesium(Il) chloride
concentrations.

The Raman spectra of 3 mol dm™ MgCl, solution measured at 25 °C showed slight
change in the pressure range of 0.1-45 MPa. At a constant pressure of 30 MPa reliable
Raman spectra of 3 mol dm™ MgCl, solution were not obtained above 100 °C, probably due
to the formation of magnesium(II) chloride crystals.

Raman spectra and X-ray diffraction data measured at various temperatures and pressures

will be presented.
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Diminution of hydrophobic effects at elevated temperatures and pressures.
A. M. Kolker’, M. G. Kiselev, G. I. Egorov, , S.Y. Noskov

Institute of solution chemistry of RAS, Academicheskaya st.,1, Ivanovo 153045, Russia
e-mail: amk@isc-ras.ru

The study of P-V-T-x properties of solutions allows calculations thermodynamic
properties. The following organic compounds were used as co-solvents: mononatomic
alcohols (C,-C3),  amides (formamide, N-methyl-, N,N-dimethylformamide,
hexamethylphosphorictriamide, acetamide), nitriles (acetonitrile), ketones (acetone). The
changes of thermodynamic properties of the aqueous mixtures with mentioned solutes as
function of composition, temperature and pressure are discussed in report. The

compressibility coefficients (£) and its relation with reorganization entropy at high

temperatures and pressures have been studied. The diminution of hydrophobicity at elevated
pressure and temperature for water-N,N,dimethylformamide, water — alkane and water-
alcohol mixtures as examples is found to be nonlinear. For all of V=f(x) at water rich
compositions (x~0,05) and high pressures the maximum is observed, which increases at low
temperatures. This behaviour is discussed in the report within statement of the aqueous
tetrahedrality increasing. Direct incorporating of tetrahedral correlation in liquid water
provides accurate description of solvent re-organization with different temperatures and solute
inclusions. The development here made a clear separation between entropic cost of solvation
for short-range water-water correlation in a first shell of solute and bulk water structures. The
presented in the report the model of solvent reorganization entropy is simple and related to
modern theory of information and statistical mechanics itself instead of phenomenological
approaches widely used for theory of liquids. Dependence of the reorganization entropy on
temperature , as calculated from introduced approach are calculated and discussed.

This work was supported by RFBR, grants No 02-03-32285, 02-03-32287
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High-Pressure NMR Studies on Solute-Solvent Interactions

in Supercritical Carbon Dioxide
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We have paid much attention to supercritical carbon dioxide (sc-CO,), in particular as
reaction media, because of its "green" nature. In order to promote applications of sc-CO,,
understanding of "CO,-philicity” on the basis of solute-solvent interactions is of great
importance. From such a standpoint, we have studied the solvation structure and rotational
dynamics of solute molecules in sc-CO; by measuring solvent-induced chemical shifts and
relaxation times over a wide range of temperature and pressure with our developed high-
pressure NMR cell.'™ In this report, we present the rotational correlation times of solvent and
some solute molecules, and discuss unique behaviors near the critical point from not only the
static but also dynamic viewpoints. Moreover, we will refer to CO,-philicity, especially
fluorine-CO; interactions, on the basis of experimental results.
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Temperature and Volume Dependence of the Viscosity of Water and Heavy

Water at Low Temperatures

K. R. Harris

School of Physical, Environmental and Mathematical Sciences,
University College, University of New South Wales,

Australian Defence Force Academy, Canberra, ACT 2600, Australia

Isotope effects, determined as a function of temperature and pressure for the viscosity and
self-diffusion coefficients of the isotopomers of water and for the tracer diffusion of HTO in
ordinary water and of DTO in heavy water, are analysed using the thermal offset hypothesis
of Robinson and coworkers. Within experimental error, the best experimental data appear to
be consistent with the hypothesis at temperatures below about 30 °C, extending into the
supercooled region, where the pressure dependence of the transport properties most clearly
shows effects due to the H-bonded structure of liquid water.

New measurements of the viscosity of ordinary and heavy water at pressures to 400 MPa and
from 25 to -17.5 °C reveal that such a correlation is most exact when made as a function of

molar volume (i.e. density) rather than pressure.
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Isotopic Effect on Phase Equilibria of Atomic Fluids and their Mixtures.

Molecular Simulation, theory, and Experiment

Ariel A. Chialvo and Juske Horita

Agueous Chemistry and Geochemistry Group. Chemical Sciences Division.
Oak Ridge National Laboratory. Oak Ridge, TN 37831-6110, U.S.A.

Email: chialvoaa@ornl.gov

Vapor-liquid and vapor-solid isotopic fractionation of noble gases and their mixtures are
studied by molecular-based simulation of atomic Lennard-Jones fluids [1]. The temperature
dependence of the fractionation factors for *ar/*%Ar, *Ne/*Ne, *krkr and the composition
dependence of the corresponding fractionation factors for binary Ar-k&r mixtures as predicted
by simulation are compared with the existing experimental data, to assess the accuracy of
n*-order Kirkwood-Wigner free energy expansion for specific Lennard-Jones
parameterizations. Predictions of the fractionation factors for other isotopic pairs, including
One'Ne, and '32xe/’xe as well as tests of some premises behind the microscopic

interpretation of the fractionation factors are also given.

This research was sponsored by the Division of Chemical Sciences, Geosciences, and
Biosciences, Office of Basic Energy Sciences under contract number DE-AC05-000R22725

with Oak Ridge National Laboratory, managed and operated by UT-Battelle, LLC.

1) Chialvo, A.A. and Horita, J., Journal of Chemical Physics (Submitted for publication)
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Dynamics of Ions in concentrated Electrolyte Solutions

1.-F. Dufréche'? O. Bernard' M. Jardat' P. Turq' and B. Bagchi®

! Laboratoire Liquides Ioniques et Interfaces Chargées UMR CNRS 7612 Université Pierre et
Marie Curie BC 51 4 place Jussieu 75252 Paris Cedex 05 France
2 email: dufreche@ccr.jussieu.fr
3 SSCU Indian Institute of Science Bangalore, India-5600012
We present recent developments about the theory of electrolyte solutions. The
dependence of the ion transport coefficients with respect to the concentration has been
investigated since the pioneering works of Debye, Hiickel and Onsager and it is still being
studied with great activity. Despite all these efforts, there remains the need to develop a
comprehensive theory of transport for concentrated solutions. The present work is a
contribution toward this end. It propose a self-consistent theory which is able to describe the
various equilibrium and transport properties of ions for concentrated solutions (1-2 mol L).
Originally based on semi-phenomenological equations, the dynamics of ions can now be
understood in terms of Brownian motion. The transport quantities have specially been
obtained from three different approaches:
® A Smoluchowski/MSA theory gives the various transport coefficients for concentrated
solutions. This analytical theory has been obtained after a careful analysis of the
reference-frames and of the hydrodynamic interactions [1].
e It is consistent with Brownian dynamics simulations. The latter allows the problem to
be solved numerically [2].
¢ The mode-coupling theory (MCT) given for self-diffusion explains the discrepancy
between the short-time (QENS) and long-time measurements (NMR, tracers) [3].
These results agree with the Onsager limiting laws. They generalize the latter in the case of
concentrated solutions (1-2 mol L). They are self-consistent, i.e. the same diameters are used

to describe all the physical properties of the system, so that there is no adjustable parameter.
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Modeling Electrolyte Mixtures
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537 1001 Ljubljana, Slovenia; barbara.hribar@uni-lj.si

When electrolyte solutions XQ and YQ are mixed together, the interaction between
species X and Y, not present in pure solutions, comes into reckoning. Interestingly, however,
thermodynamic properties of such mixtures can often be empirically »constructed« from the
properties of the pure electrolytes XQ and YQ'. In this work Monte Carlo simulation and
integral equation theory results on some aspects of thermodynamics of mixtures of
electrolytes with common species are presented. Charge symmetric and charge asymmetric
mixtures of primitive model electrolytes at ionic strength ranging generally from 10* to 2.0 M
are examined’. The osmotic and activity coefficients were calculated and the obtained mixing
coefficients®* were compared with those extracted from the experimental data for KCI/NaCl,
MgCly/NaCl, and LaCl3;/NaCl mixtures’. The mixing coefficients contain useful information
about interactions in the system, and are very sensitive on the detailed modeling of the
participating species. The semi-quantitative agreement between the experimental and
theoretical data was obtained, suggesting usefulness of the simple continuum model for

predicting the mixing coefficients.

(1) Harned, H. S.; Robinson, R. A. Multicomponent Electrolyte Solutions, in The
International Encyclopedia of Physical Chemistry and Chemical Physics, Ed. by D.
D. Eley, J. E. Mayer, F. C. Tompkins, Pergamon, 1968.

(2) Hribar Lee, B.; Vlachy, V.; Bhuiyan, L. B.; Outhwaite, C. W.; Molero, M.,
submitted to Mol. Phys., 2003.

(3) Friedman, H. L., J. Chem. Phys. 1960, 32, 1134.

(4) Lim, T. K.; Zhong, E. C.; Friedman, H. L., J. Phys. Chem. 1986, 90, 144,

(5) Pitzer, K. S., Ed.: Activity Coefficients in Electrolyte Solutions, CRC Press, 1991.
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Computer simulation study of the liquid/vapor interface of water-
acetonitrile mixtures

Pal Jedlovszky
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Molecular dynamics simulation of MgCl, and CaCl, in methanol

Tamds Kosztoldnyi, Imre Baké, Gabor Pdlinkds

Chemical Research Center, Hungarian Academy of Sciences, 1025, Budapest, Pusztaszeri u.

59-67, Hungary (kosztola@chemres.hu)

Classical molecular dynamics simulation has been carried out on CaCl, and MgCl, in
liquid methanol to study the solvation shell of the alkaline earth metal ions. Ab initio
calculations have been used to determine the ion - methanol dimer potential surface, then new
interaction pair potentials have been developed. After carrying out a 120 ps simulation on
different concentrated solutions, six-eight methanol molecules have been found in the first
shell of the calcium ion with a 2.4 A Ca*-O distance. The magnesium was found six
coordinated in the concentration interval investigated. In both cases well-determined second
shells have also been observed. The coordination number of the chloride ion was 5.3 and no

characteristic second shell has been found.
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A Theoretical Investigation of DMSO - Ion Clusters

Barbara Mroz and Michael Probst

Institut fiir Ionenphysik, Universitit Innsbruck, Technikerstraf3e 25,

6020 Innsbruck, Austria (Barbara.Mroz@uibk.ac.at)

We have studied the solvation of small cations (Li*, Be?*) and some anions (CI', I') by DMSO
molecules. Molecular dynamics simulations of clusters with different numbers of DMSO
molecules (one and two solvation shells as well as larger systems) were performed with the
Car-Parinello method. We have analyzed the structure of the solvation shells of the DMSO
molecules around the ions and the interactions of the DMSO molecules between each other.
Some of these results are compared with data from quantum-chemical geometry
optimizations. Dynamical properties like the flexibility of the clusters and its vibrational

frequencies are also reported in the poster.
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X-ray Diffraction and Molecular Dynamics Simulations of Liquid DMSO
and DMSO - Lil solutions

Usa Onthong, Tiinde Megyes*, Imre Bako*, Tamas Radnai* and Michael Probst

Institut fiir lonenphysik, Universitit Innsbruck, Technikerstrafe 25, 6020 Innsbruck, Austria
* Chemical Research Center of the Hungarian Academy of Science, Pusztaszeri 59-67, 1025 Budapest

II, Hungary

We report results of molecular dynamics simulations (343 molecules in an NVE
ensemble at ~300K) that have been performed on liquid dimethyl sulfoxide (DMSO) and on
the system DMSO / Li* / I'. We discuss the differences between the analytical pair potentials
that we have developed for the interaction between these species and formerly used potential
functions. In liquid DMSO, we find a slight preference for an antiparallel orientation of
neighboring O-S bonds. For DMSO / Li* / I, a preliminary analysis shows that the both Li*
and I' ions coordinate to DMSO in a well-defined and rather rigid way. The structure of these
complexes, the bulk phase and the pure liquid is investigated in terms of radial, angular and

other distribution functions.

220

3

B R |

i | . )

-

.

3



Steric Effect of Tetraalkylammonium Ions Selvation

Safonova Lyubov P., Kiselev M. G., SvetsovaE. V.

Ivanovo State University of Chemistry and Technology, F.Engels av., 7, 153460, Ivanovo,
Russia
Institute of Solution Chemistry of RAS, Akademitcheskaya str., 1, 153045 Ivanovo, Russia

E-mail: Ips@isc-ras.ru

In this report the possibility of solvent molecules — tetraalkylammonium (TAA) ions
penetration have been studied by experimental and calculation methods. The density of seven

tetraalkylammonium bromides have been measured in N,N-dimethylformamide (DMF). The

limiting partial molar volumes (V_2°) for these salts have been obtained. It is shown that the

dependence of the limiting partial molar volume of salts investigated on reciprocal radius of
TAA ion can not be explain by electrostriction but good be agreed with structural changes
related to the penetration of solvent molecules into the Van-der-Vaals volumes of TAA ions.

The geometrical configuration and minimal energy of interaction for ion tetrabutylammonium
- DMF pair and the first solvation shell of tetrabutylammonium ion as well were calculated in
HF 6-31-G** basis set. The volumetric effect observed in experiment, can be studied on the
base of comparison obtained configuration (Q-structure corresponding to minimum of the
interaction energy) and, so called, V-structure. The estimation of V-structure has been
performed though averaging-out atomic trajectories over molecular dynamics simulation
process, while one has been performed at time-scale of hindered translations of the DMF,
equal approximately of 0.3 ps. As results, the average distances between nitrogen atom of
tetrabutylammonium ion and oxygen, nitrogen and carbon atoms of the DMF molecule have
been calculated at given temperature. Finally, the difference between partial molar volumes of

ions for two studied structures have been calculated and discussed.

This research was supported by the Ministry of Education of the Russian Federation (grants
Ne E02-5.0-309 ).
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Combined Quantum and Statistical Mechanics to Calculate
Thermodynamic and Structural Properties of Water and Hydrated
Methane and ‘Ethane

Georg Schmeer, Hartmut Krienke, and Andrea Strasser

Institute of Physical and Theoretical Chemistry
University of Regensburg
D-93040 Regensburg
e-Mail: Georg.Schmeer@ chemie.uni-regensburg.de

We calculated the structure of pure liquid water via the combination of quantum and
statistical mechanical methods. The structure and the charge distribution of a water molecule,
which are calculated quantum mechanically, are used in the site-site Ornstein-Zernike (SSOZ)
integral equation with the Hypernetted chain (HNC) closure relation in order to determine the
pair correlation function of the central water molecule with its surroundings. The pair
correlation function is needed for the determination of the external potential energy of the
surrounding solvent in the Schrédinger equation. Since the parameters of the short-range
potential (Lennard-Jones Potential) are found to be dependent on the partial charges of the
interacting molecules, we developed functional dependencies which are parametrized
according to experimental thermodynamic properties. The charge distribution calculated by
quantum mechanics determines the LJ-parameters in the interaction energy function of the
SSOZ equation in the iteratively solved combined process.

Thus we obtained a consistent model of the water molecule as solute as well as solvent. With
this consistent water model we are able to reproduce a number of thermodynamic properties
over a wide range of temperature.

The water model is also useful for the description of the hydration of a second component in
the case of infinite dilution. As an example we discuss the hydration of methane and ethane. It
is shown that the structure and the charge distribution of both compounds are only marginally
altered in solution compared to the gas phase. The energies and entropies of hydration are

near to the experimental ones over a temperature range from 10 to 40 °C.
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Determination of the Bromhexine Hydrochloride

in Non-Aqueous Medium

Banicé F., Jurca Tunde, Vicag Laura, R. Sandulescu
Faculty of Medicine and Pharmacy, N. Jiga, 29, Oradea-3700, Romania,

Jfbanica@uoradea.ro

Bromhexine hydrochloride, which belongs to the mucolytic expectorant class, reacts
with perchloric acid in non-aqueous medium in a quantitative reaction. In order to reduce
titration error which is the result of rapid variations of the electrode potential on dropwise
addition of perchloric acid to bromhexine hydrochloride in the classical titration method, in
our procedure bromhexine hydrochloride is added in non-aqueous medium to perchloric acid

using potentiometric detection technique. Determination of the equivalence volume is

performed by two methods:
. Using the Hostteler-Roberts formula
. Graphically, after plotting the AE/AV values as a function of the volume of
titrant added.

The derivated curves of the potentiometric titration of bromhexine hydrochloride with
perchloric acid are presented. The described method is simple, rapid, reproducible and
applicable in any testing and control laboratories for quantitative determination of bromhexine

hydrochloride in diverse pharmaceutical preparations.

References:

1) M. Bojitd, L. Roman, R. Sindulescu, R. Opreanu, Analiza §i controlul
medicamentelor, vol II, Editura Intelcredo, 2003.

(2) M. M. Antonijevic, R. P. Mihajlovic, B. V. Vukanovic, J. Solid State
Electrochem. 5: 29-35, 2001

224

—3




G-P2

Laser-based Studies of Reactions of Free Radicals with Aromatic

Compounds in Aqueous Solution

Paolo Barzaghi and Hartmut Herrmann

Leibniz Institut fiir Troposphdrenforschung, Permoserstr. 15, D-04318 Germany,

barzaghi@tropos.de

Chemical reactions of the free radicals OH, NO; and NO, with polar aromatic
compounds of importance for the tropospheric aqueous phase were investigated by means of
direct laser-based methods.

The reactivity of the nitrate radical toward selected aromatic compounds in aqueous
solution has been investigated, rate constants at 298 K for the reactions of NO; - radicals with
several ortho- and para-substituted phenols were determined in the present study. The
radicals were generated by laser photolysis of adequate precursors and the absorption signals
in function of time of these radicals were detected. Nitrate radical can react by either electron
transfer or H-abstraction mechanism with the compounds considered in this study. Both
kinetic and thermodynamic aspects are treated.

Futhermore, the flash photolysis of nitrate anions at A = 248 nm and peroxodisulphate
anions at A = 351 nm was used to study the oxidation process of phenol by OH / NO; and
NOj3 / NO; in aqueous solution under different experimental conditions. Two different mono-
nitrophenols (isomer ortho- and para- ) and a dihydroxy derivative (2-hydroxyphenol) were
identified as the main reaction products by means of HPLC-DAD-ED technique and their
yields of formation where directly compared with the initial radical concentrations of OH,

NO; and NO3, respectively.
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A Molecular Approach to Remove Lead from Drinking Water
Francois Cuenot, Michel Meyer, Roger Guilard

Laboratoire d'Ingénierie Moléculaire pour la Séparation et les Applications des Gaz
(LIMSAG),
UMR 5633 du CNRS, Université de Bourgogne, Faculté des Sciences, 6 boulevard Gabriel,
21000 DIJON, FRANCE., E-mail: Francois.Cuenot@u-bourgogne.fr

Exposure to lead-contaminated tap water is a persistent problem in most developed

eastern countries, which primarily concemns children and the economically less-favored
population. Once ingested through the gastrointestinal track, lead accumulates in vital organs
and bones, and finally causes a number of diseases ranging from anemia to nervous system
degeneration. Thus, the 1998 directive 98/83/CE of the Council of the European Communities
relating to the quality of consumption water, recommends the national governments to
promulgate an amendment intended to reduce the highest allowed lead concentration in
drinking water from 50 ug L™ to 25 ug L' on December 31, 2003 and to 10 gL'in 2013.
In that context, we recently got involved in the design of a cartridge-based purification system
that could be mounted directly on a kitchen faucet. Solid-phase extraction by covalent
attachment of a lead-selective sequestering agent to the surface of silica gel was thought to be
an efficient method.!"!

ONR, Pb2*
R.NOC— /) —CONR
N N T O;ng CONR,
C 3 0 N
R NOC—/N CONR OH C
N oo I~
CONR,
R,NOC

High binding affinity together with ion selectivity, especially with respect to alkaline
and earth-alkaline cations, is of crucial importance. This fine-tuning is most conveniently
achieved by taking advantage of the outstanding coordination properties displayed by N-
functionalized tetraazamacrocycles of various sizes (12 to 14-membered rings) bearing amidic
side chains.?!

Both protonation and complex-formation constants with earth-alkaline and several transition
and post-transition metals including lead have been determined in aqueous solution by
potentiometry. The thermodynamic results pointed out the high stability of these ligands
toward heavy metals. The lead-uptake efficiency of the macrocycles in natural fresh water has
been investigated by extensive speciation calculations.

Finally, the efficiency of analogous ligands immobilized on silica gel to lower the lead
concentration below the new parametric value has been evaluated by monitoring the lead
concentration up and downstream a 50 g packed cartridge adapted to a 25 m long lead pipe.
Field tests consisted in collecting 2 L tap water samples after a complete purge of the pipe
followed by a 30 minutes stagnation time.

[1] R. Guilard, B. Roux-Fouillet, G. Lagrange, M. Meyer, A.T. Bucaille, FR patent 99 16252, 1999; PCT
application No. WO 01 46202, 2001.

2] M. Meyer, V. Dahaoui-Gindrey, C. Lecomte, R. Guilard, Coord. Chem. Rev. 1998, 178-180, 1313-
1405.
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Macrocyclic chelators for intracellular applications

Timea Ivényi and Istvan Lazar

"University of Debrecen, Department of Inorganic and Analytical Chemistry, Debrecen,
Egyetem tér 1, H-4010, Hungary, e-mail: lazar@delfin.klte.hu

Macrocycles form exceptionally stable complexes with the majority of transition and late
transition metal ions including the lanthanides. Diagnostic use of the tetraaza macrocyclic
complexing agent DOTA in MRI (magnetic resonance imaging) are widely known. Lately
bismalonic acid derivative of diaza-tetraoxa macrocycle Kryptofix 2.2 has been proven to be

able to selectively remove radioactive *°Sr strontium ions from higher living organisms.

Figure 1 Structures of bio-hydrolysable ester derivatives of
1,4,7-triazacyclononane and Kryptofix 2.2

Here we present synthesis, characterization and hydrolytic properties of a series of new
complexing agents based on 1,4,7-triazacyclononane and Kryptofix 2.2 which can be

potentially used for the removal of highly toxic metal ions from the body.

Acknowledgements
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Orientation-dependent Wertheim’s theory for a two-dimensional model of
water

T. Urbi, V. Vlachy?, Yu. V. Kalyuzhnyi® and K. A. Dill®

@Faculty of Chemistry and Chemical Technology, University of Ljubljana, Askerceva 5, 1000
Ljubljana, Slovenia

bInstitute for Condensed Matter Physics, Svientsitskoho 1, 79011, Lviv, Ukraine

“Department of Pharmaceutical Chemistry and Graduate Group in Biophysics, University of
California, San Francisco, California, 94143-1204 USA

We develop an integral equation theory that applies to strongly associating orientation-
dependent liquids, such as water. The theory is based on Wertheim’s multi-density theory for
associating fluids [1,2]. Water molecules are modelled as 2-dimensional Lennard--Jones disks
with three hydrogen bonding arms arranged symmetrically, resembling the Mercedes-Benz
(MB) logo [3]. In an earlier treatment, we developed a simplified version of this integral
equation theory (IET) and tested it against the N,P,T Monte Carlo simulations [4]. The main
approximation in the earlier calculation was an orientational averaging of the Mayer-function
in the multi-density Omstein-Zernike equation. Here we improve the theory by explicit
introduction of an orientation dependence in the IET, based upon expanding the two-particle
angular correlation function in orthogonal basis functions. We find that the new orientation-
dependent IET yields a considerable improvement of the predicted structure of water, when
compared to the Monte Carlo simulations. In particular, it predicts more long-range order than
the original IET [5], with hexagonal symmetry, as expected for ,,hydrogen-bonded” ice in this
model. The new theoretical approximation still errs in some subtle properties; for example, it
does not predict liquid water's density maximum with temperature or the negative thermal

expansion coefficient.

[1] M. S. Wertheim, J. Stat. Phys. 42, 459, 477 (1986).

[2] M. S. Wertheim, J. Chem. Phys. 87, 7323 (1987).

[3] A. Ben-Naim, J. Chem. Phys. 54, 3682 (1971).

[4] K. A. T. Silverstein, A. D. J. Haymet, and K. A. Dill, J. Am. Chem. Soc. 120, 3166
(1998).

[5] T. Urbi¢ and V. Vlachy, Yu. V. Kalyuzhnyi, N. T. Southall and K. A. Dill, J. Chem. Phys.
112, 2843 (2000).
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Determination of Iridium(IV) by Fluorescence Quenching of Esculin

Vlasta Vojkovi¢ and Katarina Krpan

Laboratory of Analytical Chemistry, University of Zagreb, Strossmayerov trg 14, 10000
Zagreb, Croatia, E-mail: vlastavojkovic@yahoo.com ; katarina.krpan@zg.tel.hr

The determination of iridium is not a common analytical problem. Owing to their
corrosion-resistant nature, iridium alloys have found a wide range of applications in both the
chemical industry and the manufacture. Since iridium is usually present in such materials at
low concentrations, methods with reasonably high sensitivity are required. In addition,
iridium is usually present in association with other platinum metals. Therefore, successful
determination of iridium can be performed only by analytical methods having high selectivity.
Fluorescence quenching method was developed for determination of microamounts of
iridium(IV) by using esculin as a new fluorescent probe. In 15 % methanol-water mixture
esculin showed maximum excitation and emission wavelengths at 335 nm and 455 nm,
respectively. The fluorescence of esculin was significantly quenched by iridium(IV). Under
optimal conditions, iridium(IV) in the range 58-960 ng/ml can be determined. Most anions
and cations do not interfere, even when present in large excess. Relative standard deviation of
five measurements is 2,5 % for 500 ng/cm® Ir(IV). The quenching rate constant was
determined using the Stern-Volmer equation.

The proposed method has been applied successfully for the determination of

iridium(IV) in a series of synthetic mixtures.
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