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Lanthanum (III) complexes of Schiff bases of 3-aminomethyl-4-amino-5-mercapto-1, 2, 4-triazole (I-IV) and 3-methyl-
4-amino-5-mercapto-1, 2,4-triazole (V-VIII) have been synthesized and characterised by elemental analysis, spectral and 
thermal studies. The molar conductance measurement indicates that they are non-electrolytes. The elemental analysis 
for these complexes shows that the ligands (I – IV) form, the complexes of the type ML.C1.H2O (where ‘L’ is a doubly 
deprotonated ligand) whereas ligands (V-VIII) forms the complexes of the type ML2.C1.H2O (where ‘L’ is singly 
deprotonated ligand). In all the complexes La (III) ion shows coordination number of six.. The DC electrical conductivity 
of La(III) complexes shows semiconductive nature. 
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1. Introduction
In the recent years much interest has been focused on 
lanthanum complexes as they have found immense 
use as biological models and probes in material 
science and chemical process [1]. Lanthanide 
Schiff base complexes have various applications 
i n  a g r i c u l t u r e  a n d  m e d i c i n e  [ 2 - 4 ] .  S o m e 
Schiff base complexes provide high percentage of 
inhibition value and have greater effi ciency than the free 
ligands as pesticides [5].

 The use of rare earth elements (REE) in agricultural 
to promote the growth of the plants is well known [6-9]. 
Much attention has been bestowed upon electrically 
conducting materials which may be useful for 
rechargeable batteries [10-12], electro chromic display 
devices [13] and modifi ed electrodes [14]. The chemistry 
of Lanthanides is dominated by the +3 oxidation state, 
several lanthanides exhibit significant divalent and 
tetravalent state. The principle of solid oxides are ionic 
trivalent oxides. The other lanthanide elements Pr, Nd, 
Sm, En, Gd, Dy, Er, Yb or Lu are used in glass making 
and photography. Some of them are also used as for 
manufacturing of the welders goggles and artificial 
rubies for laser applications. The lanthanides are also 
used as phosphors in colour television sets. Phosphors 
are chemicals that glow with various colours when struck 
by electrons. Other lanthanide compounds are used in 
street lights and in the high-intensity lighting present in 
sports stadiums. Lanthanides are used as catalysts in the 
conversion of crude oil into gasoline, kerosene, diesel 
and heating oil, and other products.

 A survey of literature shows that there has been scanty 
information on lanthanum (III) complexes of Schiff 
bases derived from 3-substituted-4-amino-5-mercapto-1, 
2, 4-triazoles. Therefore, we are reporting the synthesis 
of Lanthanum (III) complexes with the following ligands 
(I-VIII). The synthesized lanthanum (III)complexes were 
characterized with the help of elemental analysis, IR, 1H 
NMR, thermal and DC electrical conductivity. The Schiff 
base ligands are given below (Figure 1).

Figure 1

2. Experimental 

Materials and Method
All the chemicals used were of reagent grade. 
3-Substituted-4-amino-5-mercapto-1, 2, 4-triazole and 
their Schiff bases were prepared according to the methods 
reported [15,16].

2.1 Preparation of 3-Substituted -4-amino-5-mercapto-
1,2, 4-triazole 
A mixture of  thiocarbohydrazide (0.01 mol and glycine/
acetic acid (0.01 mol) was refl uxed in 4N hydrochloric 
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acid (50 ml) for 3-4 hours the reaction mixture was cooled 
and the solid precipitate was fi ltered and crystallized from 
alcohol. The purity of the compound is checked by TLC 
method and yield was 75% melting point 185oC.

2.2 Preparation of Ligand  (Scheme 1): 
The Schiff base ligand was prepared by condensation 
of 3-methyl amino 4-amino-5-mercapto-1,2,4-triazole 
(0.01 mole) and salicyladehyde (2 mole) in ethanol was 
refl uxed on water bath for 5-6 hours in presence of few 
drops of acetic acid. The reaction mixture was cooled 
to room temperature. The separated Schiff base was 
fi ltered, washed with hot alcohol and recrystalized from 
alcohol to get a pure sample. The purity of Schiff base 
was checked by TLC.

2.3 Preparation of Ligand  (Scheme 2):
The Schiff base ligand was prepared by condensation of 
3-methyl-4-amino-5-mercapto-1,2,4-triazole (0.01 mole) 
and salicyladehyde (1 mole) in ethanol was refl uxed on 
water bath for 5-6 hours in presence of few drops of 
acetic acid. The reaction mixture was cooled to room 
temperature. The separated Schiff base was fi ltered, 
washed with hot alcohol and recrystalized from alcohol 
to get a pure sample. The purity of Schiff base was 
checked by TLC.

Scheme 2
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2.4 Preparation of Complexes:
To a 0.02/0.01 mole of ligand solution in ethanol 0.01 
mole ethanolic solution of Lanthanum (III) chloride 
was added and refl uxed for about 3 hours on a steam 
bath. Then the contents were allowed to cool and 
reaction mixture was transferred into a beaker and the 
precipitation of complex was initiated by adding distilled 
water containing few drops of ammonia. The precipitate 
formed is allowed to settle and fi ltered, washed with 
alcohol and dried over fused calcium chloride.

 The elemental analysis was carried out by the method 
reported earlier [17]. The results of the elemental analysis 
are summarised in Table. 1. The IR spectra of these 
ligands and complexes were recorded on a Perkin Elmer-
1000 infrared spectrometer, in the region 4000-300cm-1 
in KBr discs. The 1H NMR spectra were recorded on 
a Bruker spectrometer. DSC and thermal traces were 
obtained on a Perkin Elmer analyzer with a heating rate 
20 °C/min. The molar conductance were measured in 
DMF and DMSO using an ELICO CM.- 82  conductivity  
bridge  with a cell of cell constant 1.1 cm-1.

 The DC electrical conductivity of Lanthanum (III) 
complexes were measured in pellet form, in a temperature 
range of 27°C-200°C.

3. Results and Discussion
All these complexes are dark yellow in colour and 
amorphous in nature. These complexes are stable in air 
and decompose at 300°C. These complexes are insoluble 
in common organic solvents; however, they are soluble 
in DMF and DMSO. The molar conductance value in 
DMF at 10-3 M indicates non-electrolytic nature of the 
complexes. The elemental analysis for these complexes 
(Table. 1) reveals that the ligands (I-IV) form, the 

complexes of the type MLC1H2O (where ‘L’ is a doubly 
deprotonated ligand) where as the ligands (V-VI1I) form 
complexes of the type ML 2.C1.H2O (where ‘L’ is singly 
deprotonated ligand.

Infrared Spectra: The IR spectra  of the ligands exhibit 
characteristic bands of medium intensity around 3300 
cm -1 and 2350 cm-1 are assigned to ν (NH) and ν 
(SH) vibrations respectively, indicating thiol-thione 
tautomerism [18]. Thus ligand molecule basically 
contains N=C-S-H or H-N-C=S groups besides phenyl 
and azomethane groups. In the ligands the bond observed 
around 750 cm-1 due to ν (C=S) does not shift in the 
complexes indicating N or S of the thiamide group is 
not involved in the bond formation [19]. The strong band 
at 1650 cm-1 in free ligand assigned to ν (C=N) shows 
lower shift of the order of 50-60 cm-1 in complexes. 
This indicates the coordination of C=N group through 
nitrogen atoms [20].

 In the spectra of ligands a band at 1280cm-1 observed 
may be assigned to the phenolic (C-O) [21]. In these 
complexes this band is shifted to higher frequency and 
observed around 1380 cm-1, indicating coordination 
through oxygen of phenolic group via-deprotonation. A 
band observed at 3400-3350 cm-1 in the spectra of the 
complexes is attributed to ν  (OH) of H2O. The presence 
of coordinated water has been revealed by the appearance 
of bands at 880-875 cm-1 and 745-740 cm-1 [22].

 The assignment of the bands in the lower region is 
some what cumbersome as, the ligands vibrations interfere 
with metal ligand vibrations. Hence, the assignments are 
purely tentative and are based on previous reports [23]. 
The non ligand bands in the region 600-500 cm-1, 470-450 
cm-1 and 380-360 cm-1 have been assigned to ν (M-N), ν 
(M-O) and ν (M-Cl) vibrations respectively.

Table 1: Analytical data for lanthanum (III) complexes

Sl.No. Ligand No. Empirical formula of complexes %M %C %N %S %Cl

1 I (C17H13N5O2S) La.Cl.H2O 25.80 
(25.56)

37.50 
(37.55)

12.45 
(12.84)

5.75 
(5.88)

6.60 
(6.53)

2 II (C19H17N5O2S) La.Cl.H2O 24.21 
(24.30)

39.75 
(39.90)

12.00 
(12.25)

5.50 
(5.60)

6.25 
(6.21)

3 III (C17H11N5O2SCI2)La.Cl.H2O 22.45 
(22.68)

33.23 
(33.31)

11.20 
(11.43)

5.10
(5.22)

5.67
(5.79)

4 IV (C19H17N5O4S) La.Cl.H2O 23.20 
(23.00)

37.59 
(37.78)

11.50 
(11.62)

5.40 
(5.30)

5.69 
(5.88)

5 V (C10H9N4OS)2 La.Cl.H2O 21.01 
(21.09)

35.99 
(36.04)

16.92 
(17.00)

9.66 
(9.72)

5.27 
(5.39)

6 VI (C11H11N4OS)2 La.Cl.H2O 20.11
(20.20)

38.38
(38.46)

16.25
(16.30)

9.25
(9.32)

5.09
(5.17)

7 VII (C10H8N4OSC1)2 La.Cl.H2O 18.20 
(18.29)

33.00 
(32.99)

15.25 
(15.39)

8.63 
(8.79)

4.80 
(4.88)

8 VIII (C11H11N4O2S)2 La.Cl.H2O 18.45 
(18.50)

35.14 
(35.18)

14.83 
(14.92)

8.47 
(8.52)

4.65
(4.73)

I-IV) : 3-aminomethyl-4-amino-5-mercapto-l, 2, 4-triazole Schiff base. 
(V-VIII) : 3-methyl-4-amino-5-mercapto-l,2,4-triazole Schiff base. 
* Values in the parenthesis are calculated one.
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1HNMR spectra: The spectra of the ligands exhibit a 
sharp multiplet signals in the region 7.0-8.0 ppm, which 
corresponds to the aromatic protons. The resonance due 
to methyl protons appear at 2.5 ppm. In addition to these 
two signals appear at 10.2 ppm and 12.6 ppm. These have 
been attributed to -OH and -SH protons respectively. 
This shows that ligands exist in thiol form rather than 
thione form.

 In the spectra of the complexes the signals at 10.2 
ppm disappears conforming that hydroxy group has 
reacted with La (III) moiety via deprotonation. The 
presence of singlet in the spectra of complexes at 12.6 
ppm suggests that in the complexes the ligands retain 
thiol form. The spectra of the ligands shows only one 
additional singlet arising forms the =CH-protons at 
8.3 ppm. Which shifts to down fi eld and appears at 9.0 
ppm. The down fi eld shift of =CH-protons indicate the 
deshielding due to C=N group. This observation indicates 
that coordination of N=CH-occurs through nitrogen.

DSC Analysis: The complexes show small and broad 
endothermic peaks in the region 227°C-297°C due to 
decomposition of organic moieties. There was no change 
in DSC traces above 297°C indicating the formation of 
stable La2O3. In all the cases the broad peak indicates the 
amorphous nature of samples.

Solid State Electrical Conductivity: The DC electrical 
conductivity of La (III) complexes were measured 
in pellet form in the temperature range 27°C-200°C. 
Pellets were prepared in the form of a circular disc. 
Resistance behaviours of all complexes were studied as 
a function of temperature using standard probe method. 
The DC resistance were measured at T = 25, 75, 150 
and 200°C.

 In the electrical conduction domain, the temperature 
dependence of the electrical conductivity obeys the 
equation [24].

σ = σ0 e
-Ea/kT

 The values of electrical conductivity (σ ) and 
activation energy (Ea) at T=50°C are listed in the Table 
2. In all the complexes, the conductivity increases with 
increasing temperature indicating that these compounds 
are semiconductors. The values of electrical conductivity 
were between 2 x 10-8 - 3.8 x 10-8 Ω/cm, over the whole 
temperature range. The difference in the electrical 
conductivity of the complexes arises mainly due to the 
difference in chemical structure [25].

 It has been observed that in the high temperature 
region a linear dependence of log σ ± F (1 /T) observed 
presenting intrinsic conduction. The lower temperature 
range is the extrinsic semiconductors. The increase in 
conductivity (i.e., drop in resistivity) can be explained on 
the basis of clustering of ions. The formation of clusters 
effectively lowers the concentration of stable bands and 
conduction will be due to hopping process.

 The calculated activation energy may be attributed 
to the interaction between the electrons of ‘d’-orbitals of 
cation and the π-orbital of the ligands. This interaction 
will localize the π-electronic charge on the ligand 
molecules [26].

4. Conclusions
In conclusion, the elemental analysis, conductance, IR, 
DSC and 1H NMR spectral observations of the complexes 
taken together we suggest the following six coordinated 
structure for Lathanum (III) complexes (Figure 2). 

Figure. 2

Table 2: Electrical conductivity measurements

Complex Electrical conductivity 
σ(T)/ Ωcm x 10-8

(at 50°C)

Activation
energy Ea(eV)
(at 50°C)

(C10H4N4OS)LaCl2H2O 2.1884 1.050

(C10H8N4OSCl)LaClH2O 2.8732 1.051

(C17H13N5O2S)LaClH2O 2.4422 1.061

(C19H17N5O4S)LaClH2O 3.0737 1.000
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 In Lanthanum (III) complexes the conductivity 
increases with increase in temperature indicating 
that the compounds are semiconductors. Some of the 
semiconducting metals now are used as photoconductors, 
phosphors, electrodes of photogalvenic cells, catalysis 
[27]. Exploration of the chemistry and physics of metals 
is now becoming more important in view of the recent 
development in the practical uses of semiconductors. 
Lanthanide (III) complexes shows very good plant 
growth promoters [28]. There is a lot of scope in this 
direction.
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