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Abstract— 16 mixed ligand complexes of trivalent lanthanide ions [Pr(l11), Nd(l11), Sm(I11), Eu(lll), Gd(I1I), Dy(lll), Er(l111) and
Yb(I11)] with unsaturated 1,3-diketones (HL) derived from acetylacetone and aromatic aldehydes [benzaldehyde, cinnamaldehyde
furfural, salicylaldehyde, 2-chlorobenzaldehyde, 2-hydroxy-1-naphthaldehyde, 4-(N,N-dimethyl)aminobenzaldehyde, vanillin and 3,4-
dimethoxybenzaldehyde] have been synthesised and characterised by various analytical and spectral techniques. Gd(I11) complexes of
HL derived from benzaldehyde and furfural, and Yb(I11) complex derived from cinnamaldehyde are in agreement with [ML3(H,0),]
stoichiometry. All other complexes conform to [ML,(NO5)(H,0),] stoichiometry with bidentate nitrate coordination.
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I. INTRODUCTION

In continuation of our investigations on unsaturated 1,3-diketones and their lanthanide complexes [1]-
[3], we here report the synthesis and spectral characterization of complexes of Ln(l11) ions; Pr(I11), Nd(I11),
Sm(l11), Eu(l11), Gd(l11), Dy(I11), Er(1l1) and Yb(Ill), with unsaturated 1,3-diketones (HL'-HL®). The
unsaturated 1,3-diketones were prepared by the condensation between acetylacetone and aromatic
aldehydes; benzaldehyde, cinnamaldehyde, furfural, salicylaldehyde, 2-chlorobenzaldehyde, 2-hydroxy-1-
naphthaldehyde, 4-(N,N-dimethyl)aminobenzaldehyde, vanillin and 3,4-dimethoxybenzaldehyde.

Il. EXPERIMENTAL

A. Materials and Methods

Carbon, hydrogen and nitrogen percentages were determined by microanalyses (Heraeus Elemental
analyzer) and metal contents by igniting the complexes to ~1000°C and weighing as Ln,Os. Electronic
spectra of the complexes in methanol (10“ mol/L) were recorded on a 1601 Shimadzu UV-Vis.
spectrophotometer, IR spectra (KBr discs) on an 8101 Shimadzu FTIR spectrophotometer and mass
spectra on a Jeol / SX-102 mass spectrometer (FAB using Argon and meta-nitrobenzyl alcohol as the
matrix). Molar conductance of the complexes was determined in DMF at 28+1°C using solution of about
10 M concentration. Magnetic susceptibilities were determined using a Guoy type magnetic balance at
room temperature (28+1°C) with Hg[Co(NCS).] as the standard. All the chemicals and solvents were of
reagent grade (Merck, Fluka and Sigma-Aldrich) and were used without further purification.

B. Synthesis of Lanthanide Complexes of Unsaturated 1,3-Diketones

The unsaturated 1,3-diketones (Fig. 1) were synthesized by the Claisen-Schmidt condensation between
aromatic aldehydes and acetylacetone by the methods reported earlier [4]-[9]. The Ln(l1l) complexes were
also prepared by our earlier reported methods [1]-[3].

I11. RESULTS AND DISCUSSION

All the synthesised metal complexes are stable with finite melting points. They are soluble in majority of
the common organic solvents. The non-ionic nature of all these complexes are confirmed by their non-
electrolytic nature in DMF (specific conductance <100 cm™; 10 M solution). Magnetic moment values
obtained suggest weak ligand field with the expected number of unpaired electrons. Gd(I11) complexes of
HL derived from benzaldehyde and furfural, and Yb(IIl) complex derived from cinnamaldehyde are in
agreement with [ML3(H20),] stoichiometry. The results of all other complexes are in agreement with
[ML2(NO3)(H20),] stoichiometry with the nitrate ion as a chelating bidentate ligand (TABLE ).
Analytical and spectral data strongly support the monobasic bidentate coordination of the unsaturated 1,3-
diketones in all metal complexes as in Fig. 2.

Volume VI, Issue X, October/2020 Page No0:163



JASC: Journal of Applied Science and Computations ISSN NO: 1076-5131

Ar Ar

7 N X

Fig. 1. Structure of the unsaturated 1,3-diketones: Ar = Phenyl (HLY); Styryl (HL?); 2-Furyl (HL®); 2-Hydroxyphenyl (HL*); 2-Chlorophenyl
(HL®); 2-Hydroxy-1-naphthyl (HL®); 4-(N,N-dimethyl)aminophenyl (HL"): 4-Hydroxy-3-methoxyphenyl (HL®) and 3,4-dimethoxyphenyl
(HLS).
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Fig 2. Tentative mode of coordination of the lanthanide ions with unsaturated 1,3-diketones; M = Pr(I11), Nd(111), Sm(l11), Eu(lI1), Gd(l11),
Dy(I11), Er(111) and Yb(lI1); The proposed structure also contains two coordinated water molecules; n =3 is proposed for [Gd(L)3(H,0),],
[Gd(L*)3(H,0),] and [Yh(L?)3(H,0),]; n =2 and one bidentate nitrate ion coordination is proposed for all other [M(L),(NO3)(H,0),]
complexes.
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A. Infrared Spectra

The IR spectra of all the unsaturated 1,3-diketones are characterised by the presence of a strong band at
~1625 cm™ and a broad band in the range 2800-3500 cm™ due to the stretching of the chelated carbonyl
and the intramolecularly hydrogen bonded enol functions respectively. 1640-1740 cm™ region of the

Volume VI, Issue X, October/2020 Page No0:164



JASC: Journal of Applied Science and Computations ISSN NO: 1076-5131

spectra does not contain any band assignable to a normal a,-unsaturated carbonyl group confirming the
existence of the compounds in the enol tautomeric form [5]-[9] as in Fig. 1.

In the IR spectra of all the metal complexes the band at ~1625 cm™ due to the stretching of the chelated
carbonyl is absent and a new strong band appeared at ~1580 cm™ assignable to the stretching of the metal
coordinated carbonyl group. The replacement of enol proton by metal ion during complex formation is
clearly evident from these observations. The broad band observed in the free ligands showed appreciable
variations in the spectra of the metal complexes. The breadth of this band increased appreciably and the
intensity is also fairly high. The presence of O-H vibrations in the complexes due to coordinated water
molecules can be inferred from these changes in the spectra. The presence of coordinated water molecules
is again confirmed by the appearance of weak but prominent bands in the 1630-1660 cm™ region of the
spectra assignable to H-O-H bending vibrations [10]. The observed breadth and intensity of these bands
clearly rule out the possibility of carbonyl vibrations at these regions. The appearance of medium intensity
bands in the 400-420 cm™ region of the spectra, due to v(M-O) vibrations also underlines the participation
of carbonyl groups in metal chelate formation [1]-[3], [10].

The spectra of all the metal complexes except [Gd(L")3(H20),], [Gd(L®)3(H20),] and [Yb(L?)3(H0)-]
showed two medium intensity bands at ~1300 and 1020 cm™ assignable to the asymmetric and symmetric
stretching of nitrate group respectively. The bidentate coordination of nitrate ion is evident from their
separation of ~180 cm™ and the presence of an additional band at ~1470 cm™ [11]. Important bands that
appeared in the spectra are given in TABLE I.

B. Mass Spectra

The FAB mass spectra of the typical metal complexes; [Er(L*)2(NOs)(H20)], [Gd(L®)2(NOs)(H20),]
and [Gd(L")s(H,0),] showed molecular ion peaks in accordance with their formulation. Peaks due to the
successive removal of ligand fragments are characteristic of all the spectra (TABLE II).

TABLE Il

MASS SPECTRAL DATA OF SOME TYPICAL Ln(l11) COMPLEXES OF UNSATURATED 1,3-DIKETONES
Complex Mass Spectral Data (m/z)

[Er(L%,(NO3)(H,0),] 911, 893, 875, 813, 751, 604, 586, 568, 536, 474, 307, 297, 160, 147

[Gd(L®),(NO3)(H,0),] | 989, 971, 953, 891, 829, 622, 604, 586, 524, 462, 367, 255, 190, 177
[Gd(LY)s(H,0),] 1018, 1000, 982, 887, 756, 743, 625, 494, 468, 275, 193, 144, 131

C. Electronic Spectra

Two absorption maxima of the free ligands, observed at ~385 and ~260 nm due to various n—n* and
n—7* transitions [5]-[9], are shifted slightly to longer wavelength (~10 nm) in the UV spectra of all the
metal complexes indicating the involvement of carbonyl groups in metal complexation [1]-[3]. The
electronic spectra of all the complexes showed several weak absorption bands due to various f-f transitions.
As the recorded spectra are not quantitative, specific assignment of the transitions are not carried out.

IV. CONCLUSIONS
13 mixed ligand complexes of trivalent lanthanide ions [Pr(I11), Nd(I1I), Sm(II), Eu(lll), Er(l1l) and
Yb(111)] with the formula [ML,(NO3)(H20).] and 3 mixed ligand complexes of trivalent lanthanide ions
[Gd(1IT) and Dy(111)] with the formula [ML3(H,0),] have been prepared by the reaction between Ln(NO3)3
and unsaturated 1,3-diketones (HL). The proposed structural formulae of the complexes are confirmed by
various analytical and spectral techniques. The existence of nitrate ion as a chelating bidentate ligand in
the [ML>(NO3)(H20).] complexes is strongly supported by the methods used for structural characterisation.
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