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Abstract: The use of 1,5-bis (phenyl (pyridin-2-yl) methylene) carbonohydrazide (H2L) in the coordination chemistry of 
lanthanides (III) yielded complexes in which two ligand molecules are present. The synthesis was carried out using a 
Ln/H2L ratio of 1/2 to lead mononuclear complexes of [Ln(H2L)2(η

2-NO3)3-x](NO3)x (Ln=La (1), Sm (4), Gd (6) and Yb 
(7)), [Ln(H2L)2(NO3)3] (Ln=Pr(2), Eu(5) and a co-crystal {[Nd(H2L)2(η

2-NO3)2(η
1-NO3)], [Nd(H2L)2(η

2-NO3)(h
1-

NO3)(H2O)]}.(NO3).2CH3OH} (3). The structures of the complexes (2) and (3)were solved by X-ray crystallography on a 
single crystal. In the mononuclear complex of PrIII, two neutral ligand molecules act in tridentate fashion. In the co-crystal 
complex, one of the NdIII atom is coordinated by two ligand molecules acting tridentately in neutral form and three nitrate 
anions acting in bidentate fashion while the second NdIII atom is coordinated by two ligand molecules acting tridentately in 
neutral form, one monodentate nitrate anion, one bidentate nitrate anion and one water molecule. The neutrality of the 
complex is ensured by one free nitrate anion. Two free methanol molecules are present. Complex (2) crystallizes in the 
triclinic space group P-1 with the following parameters: a=10.128 (2) Å, b=12.2285 (19) Å, c=20.816 (5) Å, α=85.634 (4), 
β=81.870 (4)°, γ=87.210 (5)°, V=2542.9 (9) Å3, Z=2, R1=0.0640, wR2=0.1377. Complex (3) crystallizes in the monoclinic 
space group P21/c with the following parameters: a=10.4554 (12) Å, b=44.089 (6) Å, c=23.212 (3) Å, β=90.851 (2)°, 
V=10699 (2) Å3, Z=4, R1=0.0630, wR2=0.1690. The coordination sphere of the twelve-coordinated PrIII atom is best 
described as distorted icosahedron. In the co-crystal one of the NdIII atom is eleven-coordinated while the second NdIII atom 
is ten-coordinated. The environments around the NdIII atoms are respectively best described as distorted pentacapped 
trigonal prism and a distorted bicapped square antiprism, respectively. Supramolecular structures are consolidated by 
numerous hydrogen bonds. 
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1. Introduction 

Carbonohydrazide and its derivatives have been known 
and widely studied since 1894 [1]. Carbonohydrazide 

[(H2NNH)2CO] is a symmetrical compound with two 
identical arms which are very reactive towards carbonyl 
compounds. These species have been used as precursors for 
the synthesis of heterocyclic compounds containing 
nitrogen atoms in the ring and/or in the free arms [2-4]. The 
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reactivity as well as the biological properties of these 
derivatives have been studied in recent years for drug 
development [5, 6] and industrial applications [7, 8]. They 
are known to have excellent biological activities. They are 
used as antioxidant [9], analgesic [10], antiplatelet [11], 
antifungal [2], antimicrobial [12], anticonvulsant [13], 
antidepressant [14], anti-inflammatory [15], anti-
tuberculosis [16], anti-HIV [5], anti-diabetic [10, 17] and 
anti-cancer [3, 18]. In recent years, much attention has been 
paid to syntheses of acyclic ligands which can give rise to 
mononuclear lanthanide complexes. While most of the work 
reported on the Schiff bases of carbonohydrazide focused 
on their applicability in classical fields, these systems are 
today increasingly recognized as multitopic ligands for the 
controlled construction of original metallo-organic 
architectures such as grids [19, 20]. A considerable amount 
of work has been done on complexes with 
carbonohydrazide due to their ability to coordinate with 
lanthanide or transition metal ions [21–23]. Lanthanide 
complexes can be used as electroluminescent devices [24, 
25], structural probes [26] and in immunobiological assays 
[27]. In addition to their physical properties [28–32], the 
antimicrobial, antitumor or antioxidant properties of 
lanthanide complexes have been explored in recent decades 
[33–41]. Our research group explored the chemistry of 
lanthanide compounds containing carbonohydrazide ligands 
[42]. Our synthetic approach consists in preparing the 
symmetrical ligand 1,5-bis (phenyl (pyridin-2-yl) 
methylene) carbonohydrazide (H2L) which possesses seven 
potential coordinating sites. Herein, we report a series of 
new lanthanide (III) complexes derived from H2L, which 
acts in a tridentate manner through two nitrogen azomethine 
atoms and one carbonyl oxygen atom to give mononuclear 
or dinuclear lanthanide(III) complexes. The crystal 
structures of the mononuclear PrIII and the dinuclear co-
crystal NdIII complexes have been elucidated by single X-
ray diffraction. 

2. Experimental Section 

2.1. General Information 

2-benzoylpyridine and carbonohydrazide were commercial 
products (Aldrich) and were used without further 
purification. Solvents were of reagent grade and were 
purified by the usual methods. Elemental analyses of C, H 
and N were recorded on a VxRio EL Instrument. Infrared 
spectra were obtained on a FTIR Spectrum Two of Perkin 
Elmer spectrometer in the 4000–400 cm–1 region. The 1H 
NMR spectra were recorded at 300 MHz and 13C{1H}NMR 
spectra at 75 MHz on a Bruker AC–300 instrument. The 
molar conductance of 10-3 M solution of the metal complexes 
in DMF was measured at 25°C using a WTW LF-330 
conductivity meter with a WTW conductivity cell. Room 
temperature magnetic susceptibility measurements were 
made on solid complexes using a Johnson-Matthey balance 
with Hg[Co(SCN)4] as the calibrator. 

2.2. Synthesis of the Ligand H2L 

To a solution of 2-benzoylpyridine (16.28 g, 88.80 mmol) 
in 20 mL of ethanol was added the carbonohydrazide (4.00 g, 
44.40 mmol). The resulting mixture was refluxed for 4 hours. 
The resulting solution was cooled to room temperature before 
filtered. Slow evaporation of the filtrate gave brown crystals. 
The yield of the reaction is 89% and the melting point is 
between 185-190°C. 

IR ν(cm-l): 3160 (NH); 3057 (C-H)arom.; 1698 (C=O); 1570 
(C=N); [1502-1420] (C=C) arom.; 1254 (C-N); 1122 (N-N); 
792; 739; 682; 650; 619 (C-H)arom. RMN 1H δ (ppm): 8,82 (s, 
NH); [8,48-7,02] (m, Harom.). RMN 13C δ(ppm): 
193,38(C=O); 150,37(C=N); [148,51; 137,64; 132,96; 130, 
55; 129,95; 128,64; 128,57; 126,71; 124,12; 123,70] (Carom.). 

 
Figure 1. Synthesis scheme of the ligand H2L and its lanthanide(III) complexes. 

2.3. Synthesis of the Complexes (1-7) 

To a solution of H2L (0.1g, 0.240 mmol) in absolute 
methanol (10 mL) was added Ln(NO3)3·nH2O (0.48 mmol) in 
10 mL of absolute methanol. A colored solution was 
obtained. The mixture was stirred for one hour at room 
temperature and then filtered. The solution was slowly 
evaporated. After evaporation, a colored solid was obtained. 

[La(H2L)2(η2-NO3)3-x].(NO3)x (1) 
Yield: 71,68%. Color: green. Anal. calc for 

LaC50H40N15O11: C, 51.51; H, 3.46; N, 18.02. Found: C, 
51.52; H, 3.47; N, 18.09%. IR (KBr, cm-1): 3329 [νH2O]; 
3077 [νNH] 1673 [νC=O]; 1515 [νC=N] and (C=C)ar], 1437 
[ν1(NO3)], 1314 [ν5(NO3)], 1039 [ν2(NO3)]. µeff (µB) 
diamagnetic. Λ (Ω-1.cm2.mol-1): fresh solution: 88; after 15 
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days: 51. UV-Vis (λ, nm) 234, 260, 315, 414, 500. 
[Pr(H2L)2(η2-NO3)3] (2) 
Suitable crystals for X-ray analysis were collected. Yield: 

53,57%, Color: green. Anal. calc for PrC50H40N15O11: C, 
51.42; H, 3.45; N, 17.99. Found: C, 51.39; H, 3.46; N, 
17.79%. IR (KBr, cm-1): 3329 [νNH]; 1671 [νC=O]; 1595-
1514 [νC=N, ν(C=N)py and (C=C)Ar], 1414 [ν1(NO3)], 1311 
[ν5(NO3)], 1037 [ν2(NO3)]. µeff (µB) = 2,82. Λ (Ω-1.cm2.mol-

1): fresh solution: 82; after 15 days: 89. UV-Vis (λ, nm) 234, 
264, 320, 414, 505. 

{[Nd(H2L)2(η2-NO3)2(η1-NO3)],[Nd(H2L)2(η2-NO3)(η1-
NO3)(H2O)]}.(NO3).2CH3OH} (3) 

Suitable crystals for X-ray analysis were collected. Yield: 
71.17%, Color: yellow. Anal. calc for Nd2C102H90N30O25: 
C,50.53; H, 3.74; N, 17.33. Found: C, 50.51; H, 3.71; N, 
17.30%. IR (KBr, cm-1): 3329 [νNH]; 1649 [νC=O]; 1595-
1519 [νC=N, ν(C=N)py and (C=C)Ar], 1434 [ν1(NO3)], 1286 
[ν5(NO3)], 1033 [ν2(NO3)]. µeff (µB) = 5.43. Λ (Ω-1.cm2.mol-

1): fresh solution: 55; after 15 days: 36. UV-Vis (λ, nm) 234, 
264, 320, 414, 505. 

[Sm(H2L)2(η2-NO3)3-x].(NO3)x (4) 
Yield: 20.98%, Color: yellow. Anal. calc for 

C50H40N15O11Sm: C,51.01; H, 3.42; N, 17.85. Found: C, 
51.02; H, 3.45; N, 18.02%. IR (KBr, cm-1): 3329 [νNH]; 
1632 [νC=O]; 1595-1513 [νC=N, ν(C=N)py and (C=C)ar], 
1465 [ν1(NO3)], 1303 [ν5(NO3)], 1026 [ν2(NO3)]. µeff (µB) = 
1.99. Λ (Ω-1.cm2.mol-1): fresh solution: 199; after 15 days: 
143. UV-Vis (λ, nm) 234, 249, 264, 325, 349, 414, 505. 

[Eu(H2L)2(η2-NO3)3] (5) 
Yield: 43.55%, Color: yellow. Anal. calc for 

C50H40N15O11Eu: C, 50.94; H, 3.42; N, 17.82. Found: C, 
51.02; H, 3.43; N, 17.89%. IR (KBr, cm-1): 3344 [νNH]; 
1695 [νC=O]; 1571-1513 [νC=N, ν(C=N)py and (C=C)ar], 
1423 [ν1(NO3)], 1314 [ν5(NO3)], 1024 [ν2(NO3)]. µeff (µB) = 
0.57. Λ (Ω-1.cm2.mol-1): fresh solution: 28; after 15 days: 22. 
UV-Vis (λ, nm) 234, 264, 320, 410, 505. 

[Gd(H2L)2(η2-NO3)3-x].(NO3)x (6) 

Yield: 31.25%, Color: yellow. Anal. calc for C50H40N15O11Gd: 
C,50.71; H, 3.40; N, 17.74. Found: C, 50.72; H, 3.42; N, 
17.79%. IR (cm-1): 3330 [νNH]; 3043 [νCHaromatique]; 1662 
[νC=O]; 1595-1517 [νC=N, ν(C=N)py and (C=C)ar], 1467 
[ν1(NO3)], 1287 [ν5(NO3)], 1030 [ν2(NO3)]. µeff (µB) = 7.83. Λ 
(Ω-1.cm2.mol-1): fresh solution: 112; after 15 days: 109. UV-Vis 
(λ, nm) 234, 259, 305, 410, 505. 

[Yb(H2L)2(η2-NO3)3-x].(NO3)x (7) 
Yield: 51.37%, Color: green. Anal. calc for 

C50H40N15O11Yb: C, 50.05; H, 3.36; N, 17.51. Found: C, 
50.02; H, 3.35; N, 17.49%. IR (KBr, cm-1): 3330 [νNH]; 
1657 [νC=O]; 1571-1517 [νC=N, ν(C=N)py and (C=C)ar], 
1449 [ν1(NO3)], 1287 [ν5(NO3)], 1030 [ν2(NO3)]. µeff (µB) = 
3.17. Λ (Ω-1.cm2.mol-1): fresh solution: 159; after 15 days: 
95. UV-Vis (λ, nm) 234, 249, 259, 289, 410, 515. 

2.4. Crystal Structure Determination 

Crystals suitable for single-crystal X-ray diffraction, of the 
reported compounds, were grown by slow evaporation of 
MeOH solution of the compound. Details of the crystal 
structure solution and refinement are given in Table 1. 
Diffraction data were collected using a Rigaku AFC11 007-
HF diffractometer with graphite monochromatized CuKα 
radiation (l=1.54184 Å). All data were corrected for Lorentz 
and polarization effects. Scattering factors were taken from 
the program package SHELXTL [43]. The structures were 
solved by direct methods, which revealed the position of all 
non-hydrogen atoms. All the structures were refined on F2 by 
a full-matrix least-squares procedure using anisotropic 
displacement parameters for all non-hydrogen atoms [44]. 
The hydrogen atoms of water molecules and NH groups were 
located in the Fourier difference maps and refined. Others H 
atoms (CH and CH3 groups) were geometrically optimized 
and refined as riding model by AFIX instructions. Molecular 
graphics were generated using ORTEP-3 [45]. 

Table 1. Crystallographic data and refinement parameter for the compounds (2) and (3). 

Crystal data   
Empirical formula C50H40N15O11Pr (2) C102H90N30O25Nd2 (3) 
Formula weight (g/mol) 1167.88 g/mol 2424.47 g/mol 
Crystal system Triclinic Monoclinic 
Space group P -1 P 21/c 
Crystal size (mm) 0.12 x 0.12 x 0.10 0.090 x 0.090 x 0.120 
Mo Ka (Å) 0.71073 Å 0.71073 Å 
Température (K) 173(2) K 173(2) K 
a (Å) 10.128(2) 10.4554(12) 
b (Å) 12.2285(19) 44.089(6) 
c (Å) 20.816(5) 23.212(3) 
α (°), β (°), γ (°)　 85.634(4); 81.870(4); 87.210(5) 90; 90.851(2); 90 
V (Å3); Z 2542.9(9); 2 10699(2); 4 
Dcal (gcm-3) 1.525 1.485 
F (000) 1184 4856 
µ (mm-1) 1.034 1.046 
θmax (°) 27.58 30.01 
h, k, l ranges -13<=h<=13, -11<=k<=15, -27<=l<=27 -11<=h<=11, -62<=k<=62, -32<=l<=32 
Measured reflections 39892 140470 
Independent reflections 10994 27014 
Reflections [I>2σ(I)] 8222 19323 
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Crystal data   
Rint 0.1084 0.0735 
R Indices [I>2σ(I)] R1=0.0640, wR2=0.1377 R1=0.0630, wR2=0.1526 
R Indices (all data) R1=0.0975, wR2=0.1512 R1=0.0968, wR2=0.1690 
Data/parameters/restraints 10994/694/0 27014/1437/11 
Goodness-of-Fit 1.071 1.069 
∆ρmax, ∆ρmin (eÅ-3) 2.17, -2.09 2.74, -1.11 

 

3. Results and Discussion 

3.1. General Study 

H2L (1,5-bis(phenyl(pyridin-2-yl)methylene)carbonohydrazide) 
was prepared according to Figure 1. The resulting compound is 
soluble in methanol and ethanol. The 1H and 13C NMR data for 
the Schiff base, the analytical and spectral data are consistent with 
the proposed structure. 

In the infrared spectrum of the ligand a medium sharp 
band is observed around 3346 cm-1 which is attributed to the 
vibration of the N-H bond [42]. The bands at 3160 cm-1 and 
3057 cm-1 are attributed to the valence vibrations of CAr-H 
bonds [42]. The vibration bands νC=O and νC=N were 
respectively pointed at 1698 cm-1 and 1630 cm-1 [42]. Bands 
dues to νC=N of the pyridine ring and νC=C of the phenyl ring 
are pointed in the range 1570 cm-1—1420 cm-1 [46]. The 
band pointed at 1254 cm-1 is attributed to the νC-N bond [47]. 
The vibration of the N-N bond is identified at 1122 cm-1. 
Band due to C-H deformation of aromatic ring are observed 
in the region 792 cm-1—619 cm-1. 

The 1H NMR spectrum shows signals between 7.02 and 
8.49 ppm due to the eighteen protons of the two pyridine 
rings and the two benzene rings of the ligand. In addition, 
two signals at 8.83 and 9.72 were assigned respectively to the 
OH and NH protons. The 13C NMR spectrum indicates signal 
at 193.38 ppm attributed to C=O, while the signal of C=N 
appears at 150.37 ppm. The mass spectrum indicates an ionic 
mass m/z at 421.17 corresponding to the molecular ion [M-
H]+. The fragment at m/z=256.11 corresponds to a mono-
condensed ionic molecule. 

The reaction of 1,5-bis(phenyl(pyridin-2-
yl)methylene)carbonohydrazide (H2L2) with lanthanide nitrate 
in methanol afforded complexes formulated as [Ln(H2L)2(η2-
NO3)3-x](NO3)x (Ln=La (1), Sm (4), Gd (6) and Yb (7)), 
[Ln(H2L)2(NO3)3] (Ln=Pr (2), Eu (5) and {[Nd(H2L)2(η2-
NO3)2(η1-NO3)].[Nd(H2L)2(η2-NO3)(η1-

NO3)(H2O)]}.(NO3).2CH3OH} (3). The reactions of the ligand 
with lanthanide salts are depicted in Figure 1. The infrared 
spectra of the complexes (Table 2) (1-7) show band attributed 
to the C=N in the range 1600-1570 cm-1. The shift to lower 
frequencies of this band which was pointed at ca. 1630 cm-1 in 
the infrared spectrum of the free ligand is indicative of the 
involvement of the azomethine in the coordination. 
Additionally, the band pointed at 1698 cm-1 due to the 
carbonyl function is shifted to low frequencies and appears in 
the range 1673-1632 cm-1 upon coordination to LnIII. The 
oxygen atom of the carbonyl is involved in the coordination. 
All the spectra of the compounds (1-7) reveal bands due to a 
bidentate nitrate group at 1434-1467 cm-1 (ν1), 1286-1303 cm-1 
(ν2) and 1024-1037 cm-1 (ν5). For complexes 1, 3, 4, 6 and 7 
the sharp and strong band which appears at 1380 cm-1 is 
indicative of the presence of an ionic nitrate group. Additional 
bands pointed in the region 3346-3329 cm–1 are observed and 
are attributed to νN—H and νO—H of the coordinated water 
molecule or uncoordinated methanol molecule. The molar 
conductivity values of 28 S.cm2.mol–1 for complex 5 is 
indicative of neutral electrolyte in DMF solutions. Complexes 
1, 2 and 3 exhibits molar conductivity values in the range 55-
88 S.cm2.mol–1 in DMF which are in accordance with 1:1 
electrolyte nature [48]. Complexes 6 and 7 exhibits molar 
conductivity values the range 110-155 S.cm2.mol–1 in DMF 
which are indicative of 1:2 electrolyte nature [48]. Complex 4 
is a 1:3 electrolyte with a molar conductivity value of 199 
S.cm2.mol–1 in DMF [48]. Complex 1 is diamagnetic while 
complexes 2-7 are paramagnetic. The magnetic moment values 
of 2.82 µB (2), 5.43 µB (3), 1.99 µB (4), 0.57 µB (5), 7.83 µB (6) 
and 3.17 µB (7), show little deviation from the theoretical 
values reported for the trivalent lanthanide ions. This 
observation is indicative that the 4f electrons do not participate 
in the bond formation of the metal to the ligand [37]. The 
electronic spectra of the complexes 1-7 show bands in the 
region 230-320 which are respectively attributed to the 
intraligand transitions π→π* and n→π*. 

Table 2. Magnetic moments, Conductivity values and Main bands of infrared spectra for 1-7. 

Ref N—H C=O C=N 
NO3 

Λ (S.cm2.mol–1) µeff (mB) λ (nm) 
ν1 ν2 ν5 ν3 

H2L 3346 1698 1630 - - - - - - - 

1 3329 1673 1595 1437 1314 1036 - 88 Diam. 234, 260, 414, 500 

2 3329 1671 1595 1414 1311 1037 - 82 2.82 234, 264, 320, 141, 505 

3 3329 1649 1595 1434 1286 1033 1380 55 5.43 234, 264, 320, 414, 505 

4 3329 1632 1595 1465 1303 1026 - 199 1.99 234, 249, 264, 325, 349, 505 

5 3344 1695 1571 1423 1314 1024 - 28 0.57 234, 264, 320, 410, 505 

6 3330 1662 1595 1467 1287 1030 - 112 7.83 234, 259, 305, 410, 505 

7 3330 1657 1571 1449 1287 1030 - 159 3.17 234, 249, 259, 289, 410, 515 
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3.2. Description of the Structure of the Complex 2 

The complex (2) formulated as [Pr(H2L)2(NO3)3] 
crystallizes in the triclinic system with a space group P-1. 
The crystal data collection and refinement are reported in 

Table 1. The ORTEP diagram of the structure of the 
mononuclear complex is illustrated in Figure 2. Selected 
bonds lengths and angles are listed in Table 3. 

 
Figure 2. ORTEP Plot (30% probability ellipsoids) showing the structure of the mononuclear complex 2. H atoms are ommitted for clarity and only 
coordinated are labelled. 

The complex 2 displays a structure constructed from one 
PrIIII ion, two ligand molecules and three NO3 anions yielding 
a mononuclear neutral complex. The PrIII ion is coordinated 
by two H2L ligand through one pyridyl nitrogen atom, one 
imino nitrogen atom and one oxygen atom of the carbonyl 
function generating two pairs of five membered rings. For 
each ligand one pyridyl nitrogen atom and one imino 
nitrogen atom remain uncoordinated. 

 
Figure 3. Plot showing the coordination sphere around the PrIII ion in the 
crystal. 

Additionally, each PrIII ion is coordinated by three 
chelating-bidentate nitrate groups acting in η2-O3N mode, 
yielding a PrN4O8 coordination polyhedron. The Pr—Onitrate 
distances are in the range 2.570(4)—2.736 (4) Å and are 
typical of a chelating-bidentate nitrate group [1]. For each 
nitrate, two different bonds values are noted ie. Pr—O3 and 
Pr—O4 values are respectively 2.570 (4) Å and 2.607 (4) Å. 
These observations are indicative that in each nitrate group 
the bond character of one of the oxygen atoms is stronger 
than the bond character of the second one. These values are 
comparable to values noted from literature [49]. The largest 
Pr—Ocarbonyl bond length values of 2.567 (7) Å and 2.632 (3) 
Å are comparable to those of the Pr—Onitrate. These values 
are in the range expected for Pr—Ocarbonyl bond lengths [50, 
51]. The Pr—Nimino distances values of 2.752 (4) Å and 2.723 
(4) Å are slightly shorter than those of the Pr—NPyridyl bond 
lengths of 2.767 (4) Å and 2.830 (4) Å as observed for 
similar complexes [52]. The bite angles values in the five 
membered rings are in the range [57.0(1)°-59.3(1)°] and are 
in accordance with the values reported for similar complexes 
[52]. The bond angles of the ligands [57.0(1) °-59.3(1)°], 
which involve the Pr(III) ion, are slightly largest than the 
angle subtended by the oxygen atoms of the bidentate 
chelating nitrate groups [47.0(0)°-49.3°]. These angle values 
are comparable to the values reported for the complex 
[Pr(C9H4N2O4)(C2H3O2)(H2O)]n [53]. The ligand containing 
N1 bonds to the metal ion through its N1, N2 and O1 atoms 
generation two five membered rings. The two rings 
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Pr1O1C1N1N2 (rms 0.0667 Å) and Pr1N2C2C3N3 (rms 0.1019 
Å) are almost planar and form a dihedral angle of 14.008(5)°. 
Additionally, the pyridine ring N3/C3-C7 and the phenyl ring 
C8—C13 form a dihedral angle of 54.479(3)°. These 
observations are indicative of a twisting to the ligand 
conformation as shown by the torsion angle N2—C2—C8—
C9 of -57.0(7)°. For the second ligand molecule containing 
N8, bonds to the metal ion occur through N8, N9 and O2. The 
two five-membered rings generated by the atoms of the 
ligand coordinated to the Pr1 (Pr1N8N7C26O2 and 
Pr1N8C27C28N9) are almost planar with rms deviation of 

0.0885 Å and 0.1203 Å respectively. These planes form a 
dihedral angle of 15.226(1)°. Twisting of the ligand is 
indicated by the dihedral angle (88.648(2)°) formed by the 
pyridine ring N9/C28-C32 and the phenyl C33—C38 group and 
torsion angle N8—C27—C33—C34 of -86.1(6)°. This second 
ligand molecule is slightly more twisted than the first ligand 
as reflected by the two torsion angle values. The environment 
around the Pr(III) center is best described as distorted 
icosahedron (Figure 3). Numerous intra and inter molecular 
hydrogen bonds (Table 4) consolidate the structure in a three-
dimensional network (Figure 4). 

Table 3. Selected geometric parameters (Å, °) of compound (2). 

Bond bond lengths [Å] Bond bond angles (°) 
Pr1—O1 2.567 (3) O1—Pr1—O2 164.67 (11) 
Pr1—O3 2.570 (4) O1—Pr1—N8 110.78 (12) 
Pr1—O7 2.590 (4) O1—Pr1—N2 59.34 (11) 
Pr1—O4 2.607 (4) O2—Pr1—N2 115.98 (11) 
Pr1—O6 2.608 (4) N8—Pr1—N2 128.01 (13) 
Pr1—O9 2.631 (4) O10—Pr1—N2 66.06 (12) 
Pr1—O2 2.632 (3) O1—Pr1—N3 113.91 (11) 
Pr1—N8 2.723 (4) O2—Pr1—N3 67.87 (11) 
Pr1—O10 2.737 (4) N8—Pr1—N3 120.59 (13) 
Pr1—N2 2.752 (4) N2—Pr1—N3 56.97 (12) 
Pr1—N3 2.767 (4) O1—Pr1—N9 62.37 (11) 
Pr1—N9 2.830 (4) O2—Pr1—N9 113.37 (11) 
  N8—Pr1—N9 57.01 (12) 
  N3—Pr1—N9 171.03 (12) 

 
Figure 4. The packing of the complex (2) in the crystal structure. 

Table-4. Hydrogen-bond geometry (Å, °) in compound 2. 

D—H···A D—H H···A D···A D—H···A 
N1—H1···N5 0.88 2.27 2.610 (6) 103 
N4—H4A···N6 0.88 1.94 2.601 (6) 131 
N7—H7A···N11 0.88 2.21 2.564 (6) 104 
N10—H10A···N12 0.88 1.94 2.613 (6) 132 
C7—H7···O2 0.95 2.55 2.912 (6) 103 
C7—H7···O3 0.95 2.45 3.087 (7) 124 
C17—H17···O9i 0.95 2.35 3.241 (7) 157 
C22—H22···O8i 0.95 2.49 3.300 (8) 143 
C32—H32···O6 0.95 2.47 3.115 (7) 125 
C35—H35···O7ii 0.95 2.56 3.304 (7) 135 
C36—H36···O3ii 0.95 2.56 3.383 (7) 146 
C37—H37···O5iii 0.95 2.46 3.249 (8) 141 
C42—H42···O4iv 0.95 2.50 3.439 (7) 168 

Symmetry codes: i=-x, -y, 1-z; ii=x, 1+y, z; iii=1-x, 1-y, -z; iv=2-x, 1-y, -z. 
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3.3. Description of the Structure of the Co-crystal 3 

The co-crystal complex {[Nd(H2L)2(η2-NO3)2(η1-
NO3)].[Nd(H2L)2(η2-NO3)(η1-NO3)(H2O)]}.(NO3).2CH3OH} 
(3) crystallizes in the monoclinic system in the space group 
P21/c. The crystal data collection and refinement are reported 
in Table 1. The ORTEP diagram of the structure of the co-
crystal complex is illustrated in Figure 5. Selected bonds 
lengths and angles are listed in Table 4. Two different 
mononuclear complexes, one ionic nitrate and two free 
methanol molecules are present in the asymmetric unit. Each 
of the two ligand molecules around the Nd1 ion is 
coordinated to the metal center through one imino nitrogen 
atom, one pyridyl nitrogen atom and one carbonyl nitrogen 
atom. Two nitrate groups act in η2-O3N mode, while one 
nitrate group acts in in η1-O3N fashion yielding NdN4O7 
coordination environment. For the Nd2 ion the two ligand 
molecules act as for Nd1. One nitrate ion act in bidentate 
manner, while one nitrate group and one water molecule act 
in unidentate fashion yielding a ten-coordinated Nd2 ion 
NdN4O6. The Nd1—Onitrate distances values, involving the 
bidentate nitrate groups are in the range 2.537(4)—2.575 (4) 
Å and are shorter than those observed for Nd2—Onitrate which 
are equal to 2.610 (4) Å. The bond character of the two 
oxygen atoms are not so different. For the unidentate nitrate, 
the distances Nd1—Onitrate and Nd2—Onitrate are respectively 
2.540(4) Å and 2.435(4) Å. The values are indicatives of a 
stronger Nd—O link comparatively to the bonds issued from 
the nitrate acting in bidentate fashion. This observation is in 
accordance with the literature [53]. These values are 
comparable to values noted from literature [49]. In the two 
units the Nd—Ocarbonyl bond is slighly stronger in Nd2 than in 
Nd1 as shown by the distance values (Nd1—Ocarbonyl: 2.511 
(4) Å and 2.486 (3) Å; Nd2—Ocarbonyl (2.476 (4) Å and 2.454 
(4) Å)). These values are in the range expected for Nd—
Ocarbonyl bond lengths [51]. In each unit, the Nd-Nimino 
distances values are comparable to each other, while the 
eleven-coordinated (Nd1-N5=2.719 (4) Å and Nd1-
N8=2.739 (4) Å) unit present longest Nd-Nimino distances 
comparatively to the ten-coordinated unit (Nd2-N17=2.687 
(4) Å and Nd2-N23=2.669 (4) Å). Those distances are 
slightly shorter than the values observed for Nd-NPyridyl bond 
lengths [2.669 (5) Å - 2.972 (4) Å]. The Nd-NPyridyl bond 

lengths in the eleven-coordinated unit are longer (Nd1-
N6=2.842 (4) Å and Nd1-N14=2.972 (4) Å) than those in the 
ten-coordinated unit (Nd2-N18=2.669 (5) Å and Nd2-
N24=2.699 (5) Å). All recorded distances are in the range 
expected for similar complex 
Nd(NCS)(NO3)(pbh)2(H2O)].(NO3).2,33H2O (phb=N'- 
complex). (pyridin-2ylmethylidene)benzoylhydrazide) [51]. 
Each ligand form a pair of five membered rings with the 
metal ions. The bite angles values in the five membered rings 
are in the range [56.8(1) °-62.0(1)°] and are in accordance 
with the values reported for similar complexes [52]. The 
ligand containing N5 bonds to the metal ion through its N5, 
N6 and O1 atoms generation two five membered rings. The 
two rings Nd1O1C1N4N5 (rms 0.0797 Å) and 
Nd1N5C14C15N6 (rms 0.0979 Å) are almost planar and 
form a dihedral angle of 13.421(2)°. Additionally, the 
pyridine ring N6/C15-C19 and the phenyl ring C20—C25 
form a dihedral angle of 73.960(2)°. These observations are 
indicative of a twisting of the ligand conformation as shown 
by the torsion angle N5—C14—C20—C25 of -106.2(6)°. 
For the second ligand molecule containing N8, bonds to the 
metal ion occur through N8, N9 and O2. The two five-
membered rings generated by the atoms of the ligand 
coordinated to the Nd1 (Nd1N8C27C28N9 and 
Nd1N8N7C26O2) are almost planar with rms deviation of 
0.1018 Å and 0.0647 Å respectively. These planes form a 
dihedral angle of 9.487(2)°. Twisting of the ligand is 
indicated by the dihedral angle (65.347(3)°) formed by the 
pyridine ring N9/C28-C32 and the phenyl C33—C38 group 
and torsion angle N8—C26—C32—C37 of -113.6(6)°. This 
second ligand molecule is slightly more twisted than the first 
ligand as reflected by the two torsion angle values. The same 
observations are done with the ten-coordinated unit. The 
twisting of the ligand molecules are indicated by the two 
torsion angle N17—C52—C58—C59=-117.1(7)° and N23—
C77—C83—C84=-77.3(8)° respectively. The environment of 
the eleven-coordinated Nd(III) center is best described as a 
distorted pentacapped trigonal prism while the ten-
coordinated Nd(III) center is situated in a bicapped square 
antiprism geometry (Figure 6). Numerous intra and inter 
molecular hydrogen bonds (Table 5) consolidate the structure 
in a three-dimensional network (Figure 7). 

Table 5. Selected geometric parameters (Å, °) of compound (3). 

Bond bond lengths [Å] Bond bond angles (°) 

Nd1—O6 2.537 (3) O2—Nd1—O1 154.57 (12) 

Nd1—O9 2.540 (4) O2—Nd1—O6 135.55 (12) 

Nd1—O4 2.565 (3) O2—Nd1—O3 69.57 (12) 

Nd1—O3 2.567 (4) O6—Nd1—O3 68.74 (12) 

Nd1—O7 2.575 (4) O4—Nd1—O3 50.11 (13) 

Nd1—N5 2.719 (4) O1—Nd1—N5 60.25 (11) 

Nd1—N8 2.739 (4) O1—Nd1—N8 109.82 (12) 

Nd1—N6 2.842 (4) O2—Nd1—O1 154.57 (12) 

Nd1—N14 2.972 (4) O2—Nd1—N5 104.74 (12) 

Nd2—O17 2.435 (4) O1—Nd1—N5 60.25 (11) 

Nd2—O13 2.454 (4) O2—Nd1—N8 59.79 (12) 
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Bond bond lengths [Å] Bond bond angles (°) 

Nd2—O14 2.610 (4) O1—Nd1—N9 65.23 (11) 

Nd2—N18 2.669 (5) O13—Nd2—O20 138.16 (16) 

Nd2—N23 2.669 (4) O13—Nd2—O12 138.73 (14) 

Nd2—N17 2.687 (4) O13—Nd2—O15 70.05 (14) 

Nd2—N24 2.699 (5) O12—Nd2—O15 71.84 (14) 

Nd1—O2 2.487 (3) O20—Nd2—O14 131.78 (12) 

Nd1—O1 2.511 (3) O17—Nd2—N18 77.51 (14) 

Nd1—O6 2.537 (3) N9—Nd1—N6 172.64 (13) 

Nd1—O9 2.540 (4) O13—Nd2—O12 138.73 (14) 

Nd1—O4 2.565 (3) N18—Nd2—N23 126.77 (14) 

Nd1—O3 2.567 (4) O13—Nd2—N17 114.13 (13) 

Nd1—O7 2.575 (4) O1—Nd1—N8 109.82 (12) 

Nd1—N5 2.719 (4) N5—Nd1—N8 124.81 (12) 

Nd1—N8 2.739 (4) O1—Nd1—N9 65.23 (11) 

Nd1—N9 2.768 (4) N5—Nd1—N9 120.72 (13) 

Nd1—N6 2.842 (4) O2—Nd1—N6 61.25 (11) 

Nd2—O17 2.435 (4) O1—Nd1—N6 114.84 (11) 

Nd2—O13 2.454 (4) N5—Nd1—N6 56.74 (12) 

Nd2—O20 2.469 (4) N18—Nd2—N17 58.68 (14) 

Nd2—O12 2.476 (4) N23—Nd2—N17 165.36 (13) 

Nd2—O15 2.610 (4) O13—Nd2—N24 120.44 (12) 

Nd2—O14 2.610 (4) O12—Nd2—N24 69.67 (13) 

Nd2—N18 2.669 (5) N18—Nd2—N24 153.51 (15) 

Nd2—N23 2.669 (4) N23—Nd2—N24 58.49 (13) 

Nd2—N17 2.687 (4) N17—Nd2—N24 124.02 (14) 

Nd2—N24 2.699 (5) N8—Nd1—N6 117.94 (12) 

Table 6. Hydrogen-bond geometry (Å, °) in compound 3. 

D—H···A D—H H···A D···A D—H···A 

N4—H4A···N2 0.88 2.22 2.566 (6) 103 
N1 —H1A···N3 0.88 1.93 2.604 (7) 132 
N7—H7A···N11 0.88 2.27 2.602 (6) 102 
N10—H10A···N12 0.88 1.93 2.602 (6) 132 
N16—H16A···N20 0.88 2.22 2.571 (7) 103 
N19—H19A···N21 0.88 1.91 2.586 (10) 132 
N22—H22A···N26 0.88 2.25 2.584 (7) 102 
N25—H25A···N27 0.88 1.88 2.571 (7) 134 
O20—H20A···O24 0.95 2.41 3.061 (10) 125 
O20—H20B···O21 0.95 2.01 2.760 (13) 134 
O20—H20B···O22 0.95 1.78 2.663 (8) 154 
O24—H24B···O20 0.84 2.37 3.061 (10) 140 
O25A—H25B···O3 0.84 2.44 2.92 (2) 117 
C5—H5···O14 0.95 2.53 3.361 (7) 147 
C18—H18···O10 0.95 2.46 3.306 (8) 149 
C102—H10A···O25A 0.98 2.00 2.56 (3) 114 
C19—H19···O3 0.95 2.39 3.035 (7) 125 
C30—H30···O5 0.95 2.52 3.371 (10) 149 
C31—H31···O25A 0.95 2.43 3.35 (2) 165 
C32—H32···O6 0.95 2.43 3.079 (7) 125 
C42—H42···O9 0.95 2.44 3.343 (8) 159 
C55—H55···O23 0.95 2.56 3.492 (12) 167 
C57—H57···O18 0.95 2.53 3.457 (7) 165 
C60—H60···O8 0.95 2.33 3.187 (11) 150 
C62—H62···O5 0.95 2.31 3.147 (14) 147 
C63—H63···O21 0.95 2.32 3.156 (14) 147 
C63—H63···O23 0.95 2.53 3.384 (12) 150 
C73—H73···O6 0.95 2.53 3.404 (10) 152 
C91—H91···O23 0.95 2.51 3.375 (11) 151 
C92—H92···O21 0.95 2.47 3.244 (12) 138 
C93—H93···O15 0.95 2.53 3.053 (9) 115 
C99—H99···O4 0.95 2.60 3.334 (9) 135 
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Figure 5. ORTEP Plot (30% probability ellipsoids) showing the structure of the co-crystal complex 3. H atom, free nitrate group and uncoordinated methanol 
molecules were omitted for clarity. Only coordinated are labelled. 

 

Figure 6. Plot showing the coordination sphere around the NdIII ions in the co-crystal. 

 
Figure 7. The packing of the complex (3) in the crystal structure. 
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4. Conclusion 

In the present work, we report the synthesis and 
characterization of a new lanthanide complexes prepared 
from the symmetrical ligand 1,5-bis(phenyl(pyridin-2-
yl)methylene)carbonohydrazide (H2L2). All the complexes 
were characterized by elemental analyse, FT-IR, magnetic 
measurement, and conductivity measurement. The complexes 
of La, Sm, Gd and Yb are formulated as mononuclear 
[Ln(H2L)2(η2-NO3)3-x].(NO3)x. The complexes of Pr and Eu 
are formulated as neutral mononuclear complexes 
[Ln(H2L)2(η2-NO3)3]. The complex of Nd appears as a 
dinuclear formulated as {[Nd(H2L)2(η2-NO3)2(η1-
NO3)],[Nd(H2L)2(η2-NO3)(η1-
NO3)(H2O)]}.(NO3).2CH3OH}. The structures of the 
complexes of Pr (2) and Nd (3) were determined by X-ray 
diffraction technics. The complex 2 is a mononuclear 
complex in which the metal cation is twelve coordinated with 
a coordination sphere best described as an icosahedron 
geometry. The Nd(III) complex 3 is a co-crystal in which the 
two metal cations are respectively eleven-coordinated and 
ten-coordinated. The coordination sphere are respectively 
best described as a distorted pentacapped trigonal prism and 
a bicapped square antiprism geometries. 
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