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Abstract. A novel proton transfer compound, (phenhzH),(pydc), and its complex,
[Ce(pydc),(H,0),] .4H,0, in which pydcH, is pyridine-2,6-dicarboxylic acid and phenhz
is phenyl hydrazine were obtained in aqueous solution. Characterizations were performed
by IR, and X-ray crystallography. The [Ce(pydc),(H,0),]..4H,0 complex crystallizesin the
monoclinic system and space group P21/c with four formulain the unit cell. The unit cell
dimensions are: a=14.0016(6)A, b=11.2249(5)A, ¢=12.9539(6)A, and $=102.1930(10)°.
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Introduction

There are now many self-assembled supra-
molecular systems in which metal ions play
an important, if not essential role in the as-
sembly process. The process of self-assem-
bly involves the noncovalent interactions of
two or more molecular subunits to form a
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supramolecular arrangement whose novel
structure and properties are determined
by the nature and positioning of the com-
ponents [1]. Various types of interactions
may be distinguished, that present different
degrees of strength, directionality, depen-
dence on distances and angles [2], such as
hydrogen bonding, ion pairing, hydropho-
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bic or hydrophilic, host-guest, -1 stacking
and donor-acceptor interactions. Hydrogen
bonding is one of the several types of non-
covalent interactions in many organic and
inorganic species, by which self-association
and self-organization can be achieved to
form discrete assemblies and extended |lat-
tices. Since some of the organic systems
have the ability of metal ion complexation
and to form hydrogen bonding, it isinterest-
ing to coordinate them to metals and then
have an inorganic self-assembled system.
The approach we have applied in the prepa-
ration of such systems is using the proton
transfer compounds obtained from pro-
cesses between appropriate carboxylic ac-
ids and amines. Functionalized carboxylic
acids and amines can enhance the intermo-
lecular forces between the obtained cation-
ic and anionic fragments and interactions
described above can provide a large part
of the stabilization energy of the resulting
self-assembly system [3]. A structura in-
vestigation of anumber of metal complexes
synthesized from different proton transfer
compounds has described in the literatures
[4-18]. The potential for constructing novel
metal-containing systems that bridge the
gap between classical coordination and or-
ganic supramolecular chemistry seems vir-
tually unlimited [19]. In all of these proton
transfer compounds and the related metal
complexes, we noticed the very significant
contribution of hydrogen bonding to the
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stabilization of the resulting 3D networksin
the crystal structures. In continuation of our
research we were interested in studying the
complexation behavior of cerium with other
proton-transfer compound.

Experimental

For preparation of proton transfer com-
pound, an agueous solution of pyridine-2,6-
dicarboxylic acid (1.67 g, 10 mmol) in THF
(50 ml) was added to a solution of phenyl
hydrazine (2.16 g, 20 mmol) in THF (5
ml). White powder was obtained by slow
evaporation of the solvent. Yield: 93%,
mp = 218 °C.

Thereaction of proton transfer compound
(phenhzH)_(pydc), where phenhz is phenyl
hydrazine and pydcH, is pyridine-2,6-dicar-
boxylic acid, with cerium ammonium nitrate
in 3:1 molar ratio was carried out. There-
fore, to asolution of (phenhzH),(pydc) (0.5
g, 3 mmoal) in water (10 ml) was added to
solution of cerium ammonium nitrate (0.21
g, 1 mmol) in water (10 ml). Yellow crystal-
line [Ce(pydc),(H,0),] .4H,0 complex was
obtained by the slow evaporation of the sol-
vent at room temperature after four weeks.

Results and Discussion

ThelR spectroscopy hasbeenwidely used as
adiagnostically useful tool for investigation
of the proton transfer compounds and their
complexes. The most definitive features in
the IR spectrum of (phenhzH)2(pydc) are
the characteristic loss of the broad carboxyl
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O-H stretching frequency (2500-3300 cm-
1) together with the presence of asymmet-
ric and symmetric carboxylate stretching
frequencies at 1580 and 1371 cm™. The IR
spectrum of the complex shows also some
vibrations due to the water molecules ex-
isting in the lattice. Lattice water normally
appears in the 3200-3550 cm= (antisym-
metric and symmetric OH stretching) and
1600-1630 cm™ regions (HOH bending).
The vibration frequencies depict the unco-
ordinative mode of water fragments. The
two bands at 1615 and1660 cm™ caused
by water molecules overlap the absorption
band of CO?. The stretching vibrations of
CO? illustrate the corresponding bands at
1380 and 1660 cm™.

The crystallographic and experimental
data, selected bond distances, bond angles,
and intermolecular hydrogen bonds are
listed in Tables 1, 2 and 3, respectively. The
ORTEP diagram and crystal packing of the
complex are presented in Figures 1 and 2,
respectively.

Themolecular structure of Ce(1V) complex
shows a polymeric complex in which the
two central atoms are connected together
via carboxylate groups. This connectinom
is formed by (pydc)* fragments which act
as bridge ligands. Each cerium atom is co-
ordinated by four oxygen and two nitrogen
atoms of two (pydc)? ligands aswell astwo
oxygen atoms from water molecules. There
are also four uncoordinated water mole-
cules in the crystal structure. The (pydc)*
fragments are linked to the cerium atom via
three donor atoms, and act as tridentate i-
gands. The complex is not accompanied by
counter ions.

The non-covalent interactions in the crys-
tal packing of the complex is hydrogen
bonding. A number of O—HeeeO hydrogen
bonds with DeeeA distances ranging from
2.640(3) to 2.993(3)A are observed in the
crystal packing. The uncoordinated water
molecules increase the number of hydrogen
bonds in the whole crystal lattice.
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Figure 1 The molecular structure (ORTEP) of the Ce(IV) complex with atom labeling. Displacement ellipsoids are drawn
at the 50% probability level.
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Figure 2 The packing diagram of the Ce(IV) complex, dashed lines represent the hydrogen bonding between
Species.

Table 1 Crystallographic data, details of data collection and structure determination.

Empirical formula CH,,CeN,O,,
Formulaweight 578.42
Temperature (T, K) 100(2)
Wavelength (A, A) 0.71073 (MoK))
Crystal system Monoclinic
Space group P21/c
a=14.0016(6)A
b= 11.2249(5)A
Unit cell dimension
€ =12.9539(6)A
 =102.1930(10)°
Volume (A3 1989.99(15)
Z 4
Goodness of fit 1.004
Absorption coefficient (n, mm?) 2.365
F (000) 1144
Crystal size (mm?) 0.18 x 0.11 x 0.07
Theta (8) range for data collection (°) 2.42-34.20
Index ranges -19=<h<=19,-15=<k <=15,-18 =<1<=18
Refinement method Full-Matrix Least- Squares on F2
Final R indices R, =0.0263 wR,=0.0779
R indices (all data) R, =0.0295 wR = 0.0809
Largest diff. peak and hole (eA-3) 0.006 and 0.001
4 (TARC) s 3 (53,28 (b sy oy
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Table 2 Selected bond lengths/ A, and bond angles/ °

Cel-N1 2.638(2) Cel-05 2.5325(15)

Cel-N2 2.6375(18) Cel-07 2.5530(17)

Cel-01 2.5648(16) Cel-09 2.4589(16)

Cel-04 2.4983(16) Cel-010 2.4909(16)
01-Cel-04 122.48(6) 04-Cel-N1 61.68(5)
05-Cel-08 78.44(5) 05-Cel-N2 61.14(5)
09-Ce1-010 141.65(5) 07-Cel-N2 61.08(5)
01-Cel-N1 61.09(5)

Table 3 Selected hydrogen bonds in the complex.

D—HeeeA D-H (A) HeeeA (A) DeesA (A) <DHA (°)
09-H1eee0O11 0.85 1.879 2.722(2) 171
09-H2eee012 0.85 1.894 2.709(2) 160
010-H3ee-0O7 0.85 1.902 2.708(2) 158
010-H4e03 0.85 1.869 2.704(2) 167
O11-H5eee05 0.85 2.032 2.860(2) 164
O11-H6e0O6 0.85 1.991 2.836(2) 173
012-H7e+e-011 0.85 2.099 2.853(2) 148
012-HB8e+06 0.85 1.859 2.698(2) 169
013-H9e+e012 0.85 2.144 2.993(3) 177
013-H10ee+04 0.85 2.102 2.945(3) 171

014-H11013 0.85 1.994 2.763(4) 150
014-H12#++03 0.85 1.801 2.640(3) 168
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