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Two of europium complexes with L- and DL-α-alanine-hydroxamic acids
were synthesized. To our knowledge tley are the frrst examples of X-ray and
spectral data of lanthanide single crystals with hydroxamic acid derivatives.
Both compounds consist of dlmers in their structures, formed by two OH
bridging groups of amino-hydroxamic acid molecules. Besides, two metal
ions are chelated by CO and OH groups, forming frve-membered rings. In
the complex with L-ligand, differennt than in the DL-one, two additional per-
chloric acid molecules are included in crystal cavities and form hydrogen
bondings witl nitrogen and oxygen atoms of the ligand. Absorption, emis-
sion and excitation spectra were measured and analyzed at room and low
temperatures. Structural effect of ligand chirality was found and its spec-
troscopic conseqnences are reported. Tle effect of the dimeric structure on
spectroscopic properties  is discussed.

PACS numbers: 78.20.Wc, 78.55.Hx, 61.66.Fn, 78.20.Dj

1. Introduction

In recent decade a great interest on metal ions interactions with hydroxamic
acid and its amino derivatives was observed. The main reason of that is their role
in biological processes. Compounds containing hydroxamic acid are ubiquitous and
intimately associated with phenomena of iron transport.
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It is also known that hydroxamic acid moiety is a constituent of growth
factors, tumor inhibitors, cell-division factors, etc. [1-7]. Hydroxamic acids are also
specific inhibition of urease activity [8] and aminopeptidases. Inhibition of these
enzymes appears to involve chelation of metal ions at hydroxamic acid active sites.
Aminohydroxamic acids Iave very unique donor chelating atoms: two nitrogen
and two oxygen; besides, they have more complicated acid-base properties.

The most of reports deal with copper and iron complexes for their importance
[9-13], a few treat with lanthanide ions [14-16].

Since lanthanides are usually used as spectroscopic probes in the studies
of biomolecules, especially of calcium binding proteins, it Seemed important to
investigate interactions of lanthanide ions with the above systems.

2. Experimental details

Europium compound with DL- (I) and L-α-alanine-hydroxamic acid(II) (fur-
ther denoted as AHA) was obtained from aqueous solution of lanthanide perchlo
rate (C 10-2 M). The molecular ratio 1:1.5 of Eu:AHA was kept. Concentration
of metal in crystals was determined complexometricaIly and by inductively cou-
pled plasma atomic emission spectrometry (ICP AES) method, other elements
were determined by elemental analysis.

The crystal density was measured by flotation method in a mixture of bro-
moform and ethylene bromide. The absorption spectra in 293-82 R range were
recorded by a Cary-Varian 5 spectrophotometer equipped with an Oxford helium
flow cryostat. The excitation and emission spectrawere done at 77 and 293 K using
a SLM Aminco SPF 500 spectrofluorometer. Raman spectra were measured using
a DFS 24 double monochromator (f = 0.82 m, accuracy ±1 cm -1 ), equipped with
pIoton counting system (cooled GaAs photomultiplier). Excitation source was an
argon laser (l = 488, 514.3 nom).

3. Results and discussion

Figure 1 shows the view of structure of europium compound with
DŁ-α-alanine-hydroxamic acid. The NH2 - groups and hydroxamic acid groups are
in a position with respect to each other and possess the ability to form three types
of five-membered chelating rings (two Ν atoms, two O atoms, or both two Ν and
two Ο atoms). In creation of the chelating ring with a lanthanide the Second type
of coordination is involved. Besides, OH group plays an additional bridging role,
forming binuclear systems. Centrosymmetric dimers exist in the complexes with
DL-l igand form, whereas in the compound with L-handed ligand the dimers could
possess C2 axes or, as noncentrosymmetric unit, two nonequivalent lanthanide po-
sitions can be considered. Details of crystal structure refinement and structural
data are the subject of Separate paper [17]. On the other hand, in the Second type
of compound two molecules of HCIO4 exist in the structure, forming dynamic
hydrogen bonding with C = Ο and N sites of the ligand.

Formation of OH bridge in lanthanide systems is very rarely reported yet.
In crystal structure data for d-metal compounds, the first two types of coordi-
nation were found [18] and neither III type nor bridging by OH group were re-
ported. According to available X-ray data for Cue+ with α-alanine-hydroxamic
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acid, polynuclear systems exist most probably in solution, too [19]. For the rea-
sonn of very soft acid-base equilibrium, depending on the 1H of solution, different
groups could be deprotonated . The title crystal was grown up at pH ti 4. However,
in the compounds presented here the ΝOH groups remain protonated, which was
fine detected in X-ray data [17].

Let us now turn our attention to the optical properties of the systems under
investigation. It was shown from the X-ray analysis for compound I that centrosym-
metric dimer follows one symmetry centre of metal ion. It meets good confirmation
in 7F0 —> 5D0 transition both in luminescence and excitation spectra (one com-
ponent; Figs. 2a,b and 3a,b). Comparison of the emission and excitation spectra
for compounds I and II indicates the decrease in symmetry, which is well mani-
fested both in the splitting pattern of bands, as well as in relative intensities of
5D0 --> 7F0 ; 7F1 and 7F2 , and 7F0 — 5DJ transitions.

In the emission spectra the complex structure of bands for compound II
at 77 K indicates a decrease in symmetry of dimer system and seems to confirm
rather the noncentrosymmetric dimer with two nonequivalent metal sites. The 5 K
luminescence and excitation spectra could solve this problem.

However, lowering of temperature down to 82 K (compound I) leads to the
significant shift of the optical lines, as it usually happens in dimer systems [20],
but this could also indicate a soft change of conformation of the studied system
(Fig. 4). This phenomenon, as well as luminescence quenching, will be the subject
of our further studies.



442	 J. Legendziewicz, Ρ. Gawryssewska, E. Gałdecka, Z. Gałdecki

Analysis of the splitting of absorption and emission bands at 82 and 77 K and
considerations based on the group theory enabled us to determine a C2v symmetry
site of metal ion (Figs. 2a, 3a and 4). Intensity calculations of f—f transition yield
relatively high values of oscillator strengths for 7F' —ł 5D2 transition, comparable
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to those reported for Eu(NCS)3 • 2[Ν4(CH2)6] • 12H2O single crystal spectra [21]
and europium amide solutions [22], and drastically greater than those reported
for Eu(CCl3COO)3 • 2M 2 O crystals [23] and the Εu(NO3)3 • 2[Ν4(CH2)6] • 10H2O
ones [24]. Table I compiles the oscillator strength values and their changes with
temperature. Note that intensities of 7F0 --f 5D1 and 7F0 --+ 5D2 increase with
decreasing temperature. This effect clearly shows increasing population of ground
7F0 level at low temperatures and depopulation of 7F1 and higher multiplets.
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Besides, this process is well seen for excitation spectra in the region of
7F0 -+ 5D1 and 7F1 -4 5D1 transitions; the latter one vanishes at 77 K (Fig. 3a).

In fact, for the reason of low probabilities of 7F0 -> 5D0 transitions, almost no
effect is seen in their intensities down to 120 K. The decrease in these intensities
at 82 K also could indicate some conformation of the system. Careful analysis
of optical lines in the excitation and emission spectra proves that some weak
components exist at high energy of 7F0 -+ 5D2 transition. These weak components
lines could be of vibronic origin, but a cooperative effect of coupled ions cannot
be neglected (Table II).

Those weak components in excitation spectra were analysed on the basis of
Raman data (Fig. 5). Assignments of vibronic components are collected in Table II.
According to the theories of the vibronic transitions probabilities and notation of
Blasse and Meijerink [25-27], the vibronic components of M type will accompany
electronic transitions which obey the selection rule DJ = 0, 2. We detected these
weak components in the excitation spectrum of 7F0 -> 5D2 transition, and in the
emission one of the 5D0 -* 7F0 band. Inspection of Table II and Figs. 2 and 3
points on the vibronic coupling both with internal and external ligand modes. The
strongest vibronic components appear for C-O vibration modes (1600 cm -1 ) or
NHOH and M-O (320 cm -1 ).

4. Conclusions

1. Two types of europium with DL- and L-alanine-hydroxamic acids single crys-
tals were obtained. They are, to our knowledge, the first monocrystals with
hydroxamic acids derivatives.

2. In the first modification a centrosymmetric dimer is formed, involving CO
and OH groups of ligand molecules in bonding.

3. In the latter one a noncentrosymmetric system was created; its structure
could be solved in two slightly different variations of symmetry, preserving
C2 symmetry axes, as well as the lack of the axes.
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There are additional molecules of perchloric acid in cavities of crystal struc-
ture. The dynamic hydrogen bonding could exist.

4. Emission spectra detect marked differences in the structure. Investigation
of the temperature dependencies of the absorption spectra down to 80 K
enables us to suppose about the internal conformation of the system.

5. Vibronic coupling is strongly manifested with both internal and external
ligand modes.
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