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SYNTH. REACT. INORG. MET.-ORG. CHEM., 29(7), 1133-1 151 (1999) 

PREPARATION, CHARACTERIZATION AND THERMAL STUDY OF 

NEW CERIUM(IV) COMPLEXES WITH THE SALICYLIDENE-2- 

AMINOTHIOPHENOL SCHIFF BASE 

A. A. Solimana and W. Linertb * 

a Department of Chemistry, Faculty of Science, Cairo University, 

Giza, Egypt 

Institute of Inorganic Chemistry, Technical University of Vienna, 

Getreidemarket 9, A-1 060 Vienna, Austria 

b 

ABSTRACT 

New complexes of the titled Schiff base with cerium(lV) ion have 

been synthesized and characterized by elemental analyses, 

conductimetric, IR and 'H NMR studies and thermogravimetric 

analysis. The results suggest that the Schiff base acts as a bivalent 

anion with tridentate ONS donors derived from the phenolic oxygen, 

azomethine nitrogen and thiophenolic sulfur. The complexes formed 

are non-electrolytes with the general formulae [ML(NO,),H,O] and 

[M(HL),(NO,),]. The thermal decomposition of the complexes follows 

Copyright Q 1999 by Marcel Dekker. Inc. 
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1134 SOLIMAN AND LINERT 

first order kinetics and the thermodynamic parameters of the 

decomposition are reported. 

INTRODUCTION 

A large number of Schiff bases and their complexes have been 

studied for their interesting and important properties, e.g. their ability to 

reversibly bind oxygen’, catalytic activity in the hydrogenation of 

olefins2, transfer of an amino group’, photochromic properties4, 

complexing ability towards some toxic metals5 and so on. Metal 

complexes of Schiff bases derived from substituted salicylaldehydes 

and various amines have been widely investigated””. However, little 

attention has been given to Schiff bases which include an ONS donor 

system. The aim of the present work is to synthesize and study the 

chelate formed between the salicylidene-2-aminothiophenol Schiff base 

(Fig. 1) and the Ce(1V) ion. 

EXPERIMENTAL 

All the chemicals used in this work were of analytical grade or 

equivalent quality. Cerium(lV) was used as the (NH&Ce(NO& salt. 

The organic solvents used were obtained as pure grade materials from 

BDH or purified by recommended methods1’. 

PreDaration of the Schiff Base 

The Schiff base was prepared by a condensation reaction 

between 0.5 mole of salicylaldehyde (6.10 g, 5.24 mL (d = 1.164- 

1.167)) and 0.5 mole of 2-aminothiophenol (6.23 g, 5.31 mL (d = 
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NEW CERIUM(1V) COMPLEXES 1135 

Fig. 1. Structure of the Schiff Base H2L 

1.179)) in 100 ml ethanol. The Schiff base obtained was filtered and 

recrystallized from dilute acetic acid to a sharp melting point of 127.8"C 

(literature m.p.: 128" C). The structure was confirmed by elemental 

analysis, IR, 'H NMR and thermal anal~sis'~. 

Measurements 

The pH-potentiometric titrations were carried out in alcohol-water 

mixture (70% vh),  to insure the complete solubility of the Schiff base, 

at 25" C and p = 0.1 ionic strength, (by the addition of appropriate 

amounts of 1 M sodium chloride solution), using a Jenway 3010 pH 

meter. The ionization constants of the investigated Schiff base and its 

metal chelates were determined using the technique of Sarin and 

Munshi" and Irving and Rossotti''. 

The IR spectra were recorded as KBr pellets using a 1430 

Perkin-Elmer spectrometer. The 'H NMR spectra were recorded on a 

Varian Gemini 200 (200 MHz) spectrometer. DMSO-d6 was used as 

solvent and the spectra were measured in the 0-14 ppm range with 

TMS as the internal standard. The conductimetric measurements were 

carried out in DMF using a TOA conductivity bridge model CM-1 K. The 
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1136 SOLIMAN AND LINERT 

thermal analyses of the complexes were carried out using a Shimadzu 

thermogravimetric analyzer with a TGA-SOH detector in nitrogen 

atmosphere, (flow rate = 30.0 mumin). The % weight loss was 
measured from the ambient temperature up to 800" C at a heating rate 

of 10" Clmin. 

Preparation of Solid Complexes 

The 1 : 1 complex was prepared by addition of 20 mmol of the hot 

ethanolic solutions of the Schiff base under investigation, (0.23 g in 50 

mL ethanol), to 20 mmol of (NH4)2Ce(N03)8, (0.55 g in 50 mL ethanol), 

the solution was made 85% vlv ethanollwater by addition of ethanol 

and water in the dilution of the volume to 250 mL. The pH was adjusted 

to 5.0-6.0 using alcoholic ammonium hydroxide, (a few drops of conc. 

NH40H in ethanol), and the solution was then refluxed for 2 h, 

concentrated under vacuum to 100 mL and cooled overnight to 

separate the solid complex which was filtered and washed several 

times with ethanol until the filtrate became colourless. The isolated 

complex was recrystallized by dissolving it in the least possible amount 

of DMF, filtered while hot and diluted with ethanol to 100 mL and left 

overnight. The solid complex separated was filtered and washed first 

with ethanol, then with diethyl ether, dried in a vacuum desiccator and 

then subjected to elemental microanalysis. 

The 1:2 complex was prepared by addition of 10 mmol of 

(NH4)&e(N0&, (0.2741 g in 50 mL ethanol), to 20 mmol of the hot 

solution of the Schiff base (0.229 g in 50 mL ethanol) and proceeding 

the same w a y  as above. The analyses in each case, (C, H, N and S), 

were repeated twice. The metal contents of the complexes were 

determined by the method of MacDonald". 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
4:

54
 2

2 
Se

pt
em

be
r 

20
13

 



NEW CERIUM(1V) COMPLEXES 1137 

RESULTS AND DISCUSSION 

Svnthesis of ComDlexes 

The Schiff base complexes with Ce(lV) of the general formulae 

[CeL(N03)2H20] and [Ce(HL)2( NO&] were prepared by refluxing 

(NH&Ce(NO& and the Schiff base prepared by the condensation of 

salicylidine and 2-aminothiophenol according to the following scheme: 

"L reflux A"" 

The results of the elemental analyses of the Schiff base H2L and 

its 1: l  and 1:2 (M:H2L) complexes are listed in Table I and are in good 

agreement with those required by the proposed formulae. The metal 

percentages found are average values of three metal content 

 determination^'^ and those obtained from thermal analysis, (metal 

oxides residue). Electrical conductivities of the complexes in DMF, 

(0.001 M) are 2.10 and 2.61 S cm-' mo? for Ce:H2L (1:l) and Ce:H2L 

(1 :2), respectively, indicating that the complexes are non-electrolytes. 
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NEW CERIUM(1V) COMPLEXES 1139 

Formation Constants 

The ionization constants of the Schiff bases are found to be pK, 

= 9.3 and pKz = 10.35 for the OH and SH groups, respectively'8. 

H ~ L  c, HL- + H+ KI = [HL-][H+Y[HzL] 

HL- L ~ -  + H+ Kz = [Lz'][H+]/[HL] 

The formation constants of the Ce(IV) complexes are logp, = 12.74 and 

logp2 = 23.56, (where log01 = logK1 and logp2 = logK1K2). The equations 

of the formation reactions are given below, (M represents Ce(lV) for 

simplicity). 

M + H2L e MLz- + 2H' 

2ML- + 2H+ a 2M(HL)z 

K1 = [ML2-][ H+]z/[M][HzL] 

KZ = [M(HLz]2/[ML]z[H+]2 

The formation constant values reflect the high affinity of the 

Schiff bases for chelation with Ce(1V) ions. The high values of the free 

energy change, (-AG1 = 72.81 and -AGz = 134.65 kJmo1-l for logpl and 

logpz, respectively), indicate that the complex formation reaction is a 

spontaneous one. 

IR Spectra 
The IR spectra of the cerium complexes were compared with those 

of the Schiff base HzL in order to determine the coordination sites 

involved in chelation. The significant IR bands are listed in Table II. 

The OH stretching vibration, v(OH), which is found as a medium 

band at 3254 cm-' in the spectrum of the Schiff base has disappeared in 

the spectra of the 1:2 complex (Ce(HL)*(NO&) indicating the 
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NEW CERIUM(IV) COMPLEXES 1141 

participation of the OH group in chelate formation via proton 

displacement. On the other hand, the presence of water of coordination in 

the spectra of the 1:l complex (CeL(N0&.H20) as a broad band at 3421 

cm-’ renders it difficult to obtain conclusions from the v(0H) frequency of 

the OH group of the Schiff base. However, this OH vibration disappeared 

on drying the 1: I complex at 290” C indicating the participation of the OH 

group in chelation. The participation of the OH group is further evidenced 

by the shift in the position of the 6(OH) in-plane vibration (1406 cm-‘ in 

the free ligand) to 1384 cm-‘ in the spectrum of the complex and the shift 

of the strong v(C-0) stretching vibration in the Schiff base (1236 cm-’) to 

a medium vibration at 1201 cm-’ in the spectrum of the complex. The 

presence of water in the 1:l complex is confirmed by the presence of a 

weak band at 972 cm-’ which may be attributed to the bending vibration of 

water molecules, y(0H). The other bending vibration of water molecules, 

6(OH), is usually found around 1600 cm” which always interferes with the 

C=C skeleton vibration of the benzene ring. 
The SH stretching vibrations, v(SH), are not helpful since 

they displayed very weak bands in both the free ligand and the 

spectra of the complexes. However, the participation of the SH 

group in chelation is ascertained from the shift of the v(C-S) 

band to lower frequencies, from 759 cm-’ in the free ligand to 727 

and 735 cm-’ in the spectra of the 1:l and 1:2 complexes, 

respectively. 
The v(C=N) stretching vibration, found in the free ligand at 

1619 cm-’, disappeared in the spectra of the 1: l  complex and 

has shifted to lower wave numbers in the spectra of the 1:2 

complexes (1608 cm-’), indicating the participation of the 

azomethine nitrogen in coordination (MtN) .  New bands 
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1142 SOLIMAN AND LINERT 

observed at 675 and 636 cm” may be attributed to M-0 

vibrations. Two other new bands observed at 457 and 430 cm-’ 

in the spectra of the 1 : 1 complex and at 457 and 434 cm-’ in the 

spectra of the 1:2 complex may be attributed to M-N vibrations 

from CH=N and nitrate groups. 

’H NMR Spectra 

The ’H NMR spectrum of the Schiff base has three 

peaksI4, at 10.9, (s, lH,  OH), 6.4-7.6, (m, 9H, ArH and 

azomethine), 3.4, (s, lH,  SH). When comparing the spectra of 

the diamagnetic 1: l  and 1:2 complexes with those of the free 

ligand, the OH singlet appearing at 10.9 ppm in the case of the 

free ligand has disappeared in the spectra of the two complexes, 

indicating the participation of the OH group in chelation through 
proton displacement. The SH signal present in the spectrum of 

the free ligands at 3.4 ppm is absent in the spectra of the 1:l 

complex, indicating that the SH proton is removed by chelation. 

However, this signal is found deshielded in the spectra of the 1 :2 

complex at 3.7 ppm which indicates that the SH group may 

participate in coordination without proton displacement. A new 

signal is observed at 3.5 ppm in the spectrum of the 1 : 1 complex, 

with an integration corresponding to two protons, corresponding 

to one water molecule. 

Thermoaravimetric Analysis 

Studies on the thermal decomposition and kinetics of 

metal chelates with Schiff bases have been done by several 

w ~ r k e r s ’ ~ ~ ~ .  The complexes under investigation have two 
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NEW CERIUM(IV) COMPLEXES 1143 

decomposition steps. The first decomposition step started at 328 

and 310" C in case of the 1: l  and 1:2 complexes, respectively, 

and ended at 493" C in both cases. The second decomposition is 

in the range 515-659" C for the 1: l  complex and 493-720" C for 

the 1:2 complex with the formation of stable oxide Ce02 as end 

product, (Table 111). The initial mass loss observed in the 

thermogram of the 1: l  complex in the range of 156-290" C 

corresponding to one water molecule, was attributed to water of 

coordinationm, * I .  

On the basis of the above observations, the following general 

scheme for the thermal decomposition may be proposed: 

For the 1 : 1 complex: 

H20 (decoordination) , [ML(NOdz] 
156-290' C 

partial decomposition 
> Intermediate 

328-493" C (unstable) 

final decomposition 
----A metal oxide (Ce02) 

51 5-659" C 

For the 1 :2 complex: 

partial decomposition 
[M(HL)AN03)21 ----+ Intermediate 

31 0-493" C (unstable) 

final decomposition 
Intermediate > metal oxide (CeO2) 

493-720" C 
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NEW CERIUM(1V) COMPLEXES 1145 

Based on the elemental analyses, IR, NMR and TG studies, the 

Schiff base acts as a dibasic tridentate NSO ligand in the 1: l  complex 

and monobasic tridentate NSO ligand in the 1 :2 complex. The complexes 

were found to have the general formulae [CeL(N03)2H20] and 

[Ce(HL)2(N03)2] in h i c h  cerium(lV) is suggested to have the coordination 

numbers six and eight, respectively (Fig. 2). 

Determination of Reaction Order of Decomoosition 

The Horowitz and Metzger= equation, C, = (n)’”.”, where C, is the 

weight fraction of the substance present at the DTG peak temperature, 

T, , is given as 

and was used for the determination of the values of the reaction order 

(n). Here W, stands for the weight remaining at a given temperature T,, 

i.e. the DTG peak temperature, W, and W, are the initial and final weights 

of the substance, respectively. The values of C, for the thermal 

decomposition of complexes are in the range 0.30-0.39 which indicates 

that the decomposition follows first order kinetics2’. 

lntearal Method usina the Coats-Redfem EauationZ3 

For a first order process the Coats-Redfern equation may be 

written in the form: 

E *  
2.303RT 
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1146 SOLIMAN AND LINERT 

k0, 

I H 

1 :1 complex 1 :2 complex 

Fig. 2. Suggested Structures of the Complexes 

where Wf is the mass loss at the completion of the reaction, W is the 

mass loss up to the temperature T; (W, = WrW), R is the gas constant, 

E* is the activation energy in Jmol-', 0 is the heating rate. Since 1- 

2RTIE' E 1, a plot of the left hand side of equation (2) against 1 / l  was 
drawn (Figs. 3 and 4) and E* was calculated from the slope and A 

(Arrhenius constant) was found from the intercept. 

The activation entropy S*, the activation enthalpy H* and the free 

energy of activation G* were calculated using the following equations: 

Ah 
KT 

S* = 2.303 ( log-) R (3) 
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NEW CERIUM(IV) COMPLEXES 1147 
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Fig. 3. Coats-Redfern Plots for the First Decomposition 

Steps of the Schiff Base Complexes. 
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26 

Fig. 4. Coats-Redfern Plots of the Second Decomposition Step of the 

Schiff Base Complexes 
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1150 SOLIMAN AND LINERT 

H*=E* -RT (4) 

G* = H* - TsS* (5) 

where k and h are the Boltzman and Planck constants respectively. The 

calculated values of E*, A, S*, H* and G* for the two decomposition steps 

are given in Table IV. 
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