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Abstract 

 
 Some Lanthanoid complexes of the type [Ln (L-2H).A.H2O] [Ln = Y, La, Nd, Gd, Tb, Dy, 

A=OAc; and L = Salicyaldehyde oxal di-hydrazone] was synthesized and characterized by various 

physico-chemical techniques. Dehydration study at two specific temperatures (110oC & 150oC) 

indicates the presence of water molecules only in co-ordination sphere of the metal ion.  IR, 

electronic spectra, DTA-TG have been recorded to establish the bonding sites of the ligand.  All the 

complexes decomposed above and not melting up to 350oC. The complexes are insoluble in any 

common organic solvent even in DMF and DMSO. Solid state electrical conductivities at various 

frequencies show a semiconducting nature of the complexes.  Optical band gap measurement of the 

complex [Dy(SODH-2H).OAc.H2O] shows that complex behaves as direct band gap material. No 

well-defined peaks, except broad humps were observed in X-ray diffractogram of these complexes, 

indicating an amorphous nature of the complexes. 
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Introduction 

 The synthesis and characterization of polymeric metal chelates have been earlier been studied 

by a number of workers [1-5]. Polymers in general and co-ordination polymers in particular, have 

good thermal stability and catalytic activity [6]. Such polymers may exhibit conductance and 

dielectric characteristics. With this view, complexes of Lanthanoid with salicylaldehyde oxal di-

hydrazone have been synthesized and it was characterized by various physico-chemical techniques. 

Thermal and electrical properties of these complexes are reported. 

  Salicyaldehyde oxal di-hydrazone, SODH (C6H4OHCH=N-NHC=O)2(CH2)x  is dihydrazide 

Schiff base, has as many as eight bonding sites with an equal probability to co-ordinate through the 

two groups viz., two >C=O, two >NH, two >C=N and two phenolic -OH groups at the same time, due 

to their symmetrical nature. But these ligands can function, as expected on the basis of their 

requirement, as high as, dibasic hexadentate ligands or even tetrabasic hexadentate ligands. These 

ligands may bind one trivalent metal ion per ligand molecule and function as dibasic entities, in keto 

form. On the other hand, due to the presence of four labile protons they can function as a tribasic or 

tetrabasic species in the enol form binding to two trivalent metal ions. Due to steric reasons, even in 

the above case, only six bonding sites of the ligands may be utilized for chelation irrespective of the 

fact that the ligands act as dibasic of tetrabasic species. 

Such Schiff bases existing in keto-enol forms offer several alternate-bonding sites and can act 

as potential multidentate co-ordinating or chelating ligands. The molecular models of these Schiff 

bases indicate their flexible nature in space due to which they are able to offer tetrahedral as well as 

octahedral set of donor sites depending on the preferred stereochemical disposition of metal valences. 

The various donor atoms in the ligands can bond either to the same or different metal atom giving 

monomeric or polymeric complexes. This ligand may exist in di-keto form, keto-enol form or dienol 

form.  

 
 
 EXPERIMENTAL 

 

 Materials 

 Lanthanide carbonates (Ln = La, Nd, Gd, Tb, Dy) were purchased from Indian Rare Earth 

Limited. Yttrium carbonate was obtained from GSC Chemical Testing Lab and Allied Industries, 

Bombay. The metal carbonates were converted into the corresponding acetates in situ. 

 

 Synthesis of Ligand 

Salicylaldehyde oxal di-hydrazone, SODH (C6H4OHCH=N-NHC=O)2(CH2)x was obtained by 

warming together ethanolic solutions of oxalic acid di-hydrazide (1.18g/10 mmol in 50 ml) and 

salicyaldehyde(2.44g/10 mmol in 50 ml)in a round bottom flask for about 10-15 minutes with 
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continuous stirring. The crude solid product was filtered off and washed several times with ethanol. 

The final product was recrystallized from hot ethanolic solution. [m.p,>250oC][7]. 

 
  
 Synthesis of Complexes 

 The complexes were prepared by solid-solution reaction. All the metal carbonate salts were 

changed into acetates by adding few drops of warm 50% acetic acid to appropriate weights of metal 

carbonate salts. The complexes were synthesized by adding ~4 mmol of metal salt to 4 mmol (1.30g) 

of ligand which was made powdered and made fine suspension in 50 ml ethanol. In all the cases, 

immediately colour changed to yellow from white. Then this was kept for refluxing for about ~25 

hours. This was filtered and washed with water followed by ether and dried in room temperature. 

 

                Reflux, ~25h 
                          Ln(OAc)3 + SODH           Ln(SODH-2H).OAc.H2O  +  2AcOH 
                                                                                            

EtOH/H
2

O 

Ln= Y(III), La(III), Nd(III), Gd(III), Tb(III) and Dy 
 

 

 Analysis of the Complexes 

Metal content in the complexes was estimated gravimetrically as M2O3 and volumetrically by 

standard EDTA complexometric titration using xylenol orange as indicator and hexamine as buffer. 

Ligand content in the complexes was estimated by dissolving a weighed quantity 50 mg of the 

complex in 10 ml of 50% HCl and titrating the solution against a standard solution (~0.1N) of KBrO3 

using methyl orange as indicator. The ligand content was adjudged from a calibration curve which 

was constructed by plotting the data of at least five set of titrations where in each case varying 

amount of ligand was dissolved in 10 ml of 50% HCl and the solution was titrated against the 

standard solution of KBrO3. 

Hydrazine was estimated volumetrically by titrating with standard potassium bromate solution 

[8] by using methyl orange as indicator after hydrolyzing the complexes with 6-8N HCl for ca 2h. 

 

 Physical Measurements 

Room temperature magnetic susceptibility measurements were carried out on a Cahn Faraday 

electrobalance using Hg[Co(NCS)4] calibrant. A.C. conductivity of the complexes was recorded on 

Schlumberger, Impedance/Gain phase Analyzer, SI 1260 at room temperature by making the pellet of 

the complexes. In this method the samples were initially ground into a fine powder then pressed into a 

pellet applying pressure of 290-300 Kg f/cm2. The thickness of the pellet was measured with a screw 

gauge and graphite paint was applied on both surfaces of the pellet for the purpose of electrical 

contact. Infrared spectra of the complexes and the ligands were obtained on a FT-IR Jasco-5300 

spectrophotometer in KBr pellets in 4000-400 cm-1 region. Electronic absorption spectrum of the 
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neodymium complex in dimethyl sulfoxide solution was obtained on a Shimadzu UV-VIS 160A 

spectrophotometer. Thermal investigation of the neodymium (III) complex was performed in the 

temperature range, 20-700oC at heating rate of 10oC per minute in alumina crucible and using alumina 

as a reference material on Linseis, Tape L40/390, Germany. Powder X-ray diffraction patterns were 

obtained on Rigaku Rotaflex RTP 300Rc using CuKα radiation operating at 40-50A current with a 

scan rate of 3-4o/min. Dehydration studies of all the complexes were done by subjecting them to two 

specific temperatures (viz., 110oC and 150oC). 

 

 Result and Discussion 

 The analytical data (Table I) and general behaviour of complexes showed that all the 

complexes are coloured and the complexes corresponds to a general formula [Ln (SODH-2H).A.H2O] 

xH2O, where Ln=Y(III), La(III), Nd(III), Gd(III), Tb(III), Dy(III) A=OAc]. All the complexes are air 

stable and non-hygroscopic upon exposure to atmosphere. The complexes decomposed above 300oC 

and did not melting up to 350oC.  

 The complexes are not soluble in any organic solvent including DMSO, DMF etc.  The 

insolubility of the complexes in common organic solvents coupled with their high decomposition 

temperature indicates highly polymeric nature of the complexes. 

Solid state conductance was measured for the complexes La(III), Nd(III), Gd(III), Tb(III) and 

Dy(III) at room temperature at different frequencies by pellet technique. The solid state conductance 

values of the complexes have been observed between 10-4 –10-9 ohm-1cm-2 in frequency range 102 –

10-7 Hz. This value indicate their semi-conducting or near to insulator nature [9, 10]. 

 
 
Dehydration Study 

 The dehydration study of the complexes was done at 110oC and 150oC to understand the 

nature of water molecule present. 

 At 110oC, loss of weight about 6% for Y, La, Pr, Sm, Gd and 4% in Tb indicate two and one 

water molecule respectively. Further loss of about 4% in all the complexes showed one co-ordinated 

water molecule. Nd(III) and Dy(III) didn’t contain lattice water because at temperature 110oC there 

was no loss in weight. 
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Table I:    Analytical Data & General Behavior of Ln-SODH Complexes 
 

Analysis,  
Found,  (Calcd) % 

Wt. Loss % 
Found,  (Calcd) % 

Metal 

Empirical formula 
      (Colour, %Yield, Mol. Weight) 

M.P. 
oC 

Vol. Grav. 
N2H4 Ligand At 110oC At 150oC 

        [Y(SODH-2H).OAc. H2O]. 2H2O   
(Light Yellow, 85, 508) 

<300
d 

18.45,19.00 
(17.51) 

12.80 
(12.59) 

62.50 
(63.77) 

7.59 
(7.34) 

4.68 
(3.81) 

         [La(SODH-2H).OAc. H2O]. 2H2O 
(Light Yellow, 85, 576) 

<300
d 

23.40, 23.00 
(24.13) 

12.06 
(11.11) 

55.75 
(56.25) 

7.15 
(6.45) 

4.26 
(3.33) 

       [Pr(SODH-2H).NO3. H2O]. 2H2O 
(Yellow, 70, 581) 

<300
d 

23.70, 23.12 
(24.26) 

12.00 
(11.01) 

54.38 
(55.76) 

7.80 
(6.39) 

4.42 
(3.30) 

             [Nd(SODH-2H).OAc. H2O] 
(Light Green, 83, 545) 

<300
d 

25.36, 26.70 
(26.42) 

12.35 
(11.74) 

58.59 
(59.44) 

- 4.00 
(3.30) 

       [Sm(SODH-2H).Cl.# H2O]. 2H2O 
(Yellow, 70, 563) 

<300
d 

25.15, 25.00 
(26.64) 

12.04 
(11.36) 

56.16 
(57.54) 

7.76 
(6.60) 

4.08 
(3.41) 

          [Gd(SODH-2H).OAc. H2O]. 2H2O 
(Yellow, 85, 594) 

<300
d 

25.47, 25.00 
(26.43) 

11.96 
(10.77) 

53.14 
(54.54) 

7.00 
(6.25) 

4.18 
(3.22) 

       [Tb(SODH-2H).OAc. H2O]H2O 
(Yellow, 86, 578) 

<300
d 

26.65, 27.00 
(27.50) 

12.35 
(11.07) 

55.18 
(56.05) 

4.02 
(3.21) 

3.94 
(3.21) 

 [Dy(SODH-2H).OAc. H2O]. 
(Greenish Yellow, 78, 563) 

<300
d 

27.12, 27.96 
(28.77) 

12.39 
(11.36) 

56.26 
(57.54) 

- 4.58 
(3.19) 

    d = decomposition temperature 
   # Cl, Found,   5.25 %; Calcd., 6.21% 

 
 Infrared Spectral Studies 

 A sharp band at 3300cm-1 in ligand may be assigned to νNH vibration. This band remains 

unaffected in the complexes. Since νOH of associated water is merged with νNH of the ligands, a 

broad band around 3400cm-1 region appears in all the complexes. 

In the spectrum of ligand SODH, the bands at 1680, 1550 and 1380cm-1 have been attributed 

to amideI, amideII and amideIII band respectively. In the spectrum of all the complexes the position 

of these amide bands were not changed indicating not participation of amide group in complexation. 

 Several closely spaced bands appear in this region at ~1000cm-1. The multiplicity of bands 

indicates N-N in different set of environments, partly co-ordinated, partly unco-ordinated. Shift of 

νN-N of the ligand to higher cm-1 is approach-indicating involvement of at least one nitrogen in co-

ordination.             

 The phenolic oxygen co-ordination has been indicated on the basis of observed hypsochromic 

shift of νphen (C-O) (ligand 1280cm-1, complex ~1295cm-1) in the complexes. 

 Appearance of new band at 920-930cm-1 in the complexes may be due to presence of co-

ordinated water molecule, which was also confirmed by dehydration study. 

 

 Electronic Spectral Study 

 Various spectral parameters with band assignments of Nd (III) complex in nujol are given in 

Table II.   
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Table II: Electronic Spectral data of Nd-SODH complex 
________________________________________________________                
Complex    Band area      S', J', L'#         spectral 
            (Cm-1)                             parameter    
________________________________________________________                              
                
Nd-SODH    11337-11600      4F3/2                β = 0.9948  
(nujol)    12285-12820      2H9/2              b1/2 = 0.0457  
           13003-13774      4F7/2, 2S3/2         %δ = 0.5202 
           16583-17761      4G5/2, 2G*7/2         η = 0.0026 
           18691-19157      4G7/2    
           19417-19685      4G9/2     
________________________________________________________ 
#Ground State =  4I9/2; * Hypersensitive transition    
 

 Due to nephelauxetic effect [11] arising from metal-ligand interaction, the complex shows 

considerable red shift compared to λmax position of Nd(III) aqua ion. 

 The band at 17094cm-1 was assigned to the hypersensitive transition, the shape of which 

suggests six co-ordinations around the metal ion [12]. The value of different parameters was 

calculated. These values suggest a weak co-valent bond between Ln-ions and ligand [13]. 

 

 Thermal Studies 

 The TG-DTA studies were carried out on 15 mg of Nd-SODH complex. There was no loss in 

weight up to temperature up to 150oC. This shows absence of lattice water, which was also shown by 

dehydration study. From temperature 150oC-190oC, there was loss of about 8% in weight, which can 

be accounted by considering loss of two-water molecule which are co-ordinated to the metal ion. This 

process needs energy, which is exhibited by an endothermic peak at 180oC. The next is the 

decomposition step which starts from 315oC-650oC. Different groups viz., amide group, benzene 

nucleus and salicyaldehyde molecule may escape in the decomposition process. This happens via an 

exothermic process shown by a peak at 480oC in the DTA thermogram [Fig. 1].  
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Fig.1. TG-DTA Thermogram of Nd-SODH Complex. 
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Band Gap measurement 

Optical absorption measurement was done to estimate the band gap of the material. For this 

purpose, the complex was made into a paste in nujol and a thin layer of this paste was applied on a 

strip of filter paper. An identical paper, dipped in nujol, was used as reference for recording the 

spectrum. The spectrum was recorded at room temperature (298K) with the help of 

spectrophotometer in transmission mode. The band gap of the material was determined from the 

optical absorption spectrum. 

 The optical absorption coefficient is given [14] by,  

                       α = A(hν-Eg)n  

where A is constant, h is Planck's constant, ν is the frequency of incident photon, Eg is band gap of 

material and n is a constant equal to 1/2 and 2 for allowed direct and indirect transitions, respectively. 

For direct band gap n = 1/2. 

From figure (Fig.2) of absorption vs. photon energy, it is clear that only one straight line can be 

drawn, which means only one slope exist which indicating that the complex is direct band gap 

material.  The straight portion of the curve when extended, it makes intercept at x-axis at energy 2.35 

eV, which is the band gap of the material. This indicates that this compound has the potentiality to be 

used as semiconductor for practical applications such as solar cells etc.  
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                       Fig.2. Plot of α2 vs photon energy eV. 

 

X-ray Diffraction Pattern 

 In x-ray diffractogram of this material no well-defined peaks were observed except broad 

humps. This shows that this complex is amphorous in nature.  
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