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SYNTHESIS AND THERMAL STUDIES ON SOME 
BIMETALLIC MIXED-LIGAND COMPLEXES 

CONTAINING A BIS-BIDENTATE ONNO SCHIFF 
BASE AND ALKYLXANTHATE LIGANDS 

Asma 1. El-Said 

Chemistry Department, Faculty of Science, Assiut IJniversity, Assiut, Egypt. 

ABSTRACT 
New bimetallic mixed-ligand complexes of the general fonnula 

[M2(sal-bz)(Rxan)2(Dh4F)n], where M = Ni(II), Co(1I) or Cu(I1); sal-bz = 

dianion of a tetradentate Scliiff base derived ftom salicylaldehyde and 

benzidine; xan = xanthatc anion; I< = methyl, ethyl or butyl; 11 - 2 or 4, have 

been prepared and characterized by elemental analyses, molar conductance, 

I R  and electronic spectral data. The tliennal decomposition of some of these 

coinplexes has been studied. 'I'he 7'G curves show that the decomposition 

takes place in two well-defuied steps. The first step involves the elimination 

of DMF molecules and the decomposition of the alkyl xanthate via a radical 

mechanism. This was accompanied by the fonnation of an intermediate 

product which decomposed in a second step to the metal sulpliide as the end 

product. Activation energies and other kinetic parameters were computed. 

I41 I 

Copyright Q 1999 by Marcel Dekker. Inc. w w w  .dekker .corn 

D
ow

nl
oa

de
d 

by
 [

R
M

IT
 U

ni
ve

rs
ity

] 
at

 1
9:

27
 2

6 
Ju

ne
 2

01
3 



1412 EL-SAID 

INTRODUCTION 

Schiff bases derived from tlie condensation of salicylaldehyde 

with alkyl- or arylamines, known as N-alkyl- or N-arylsalicylaldimines, 

are considered to be suitable models for pyridoxal and, in general, B6 

vitamines'. The chemistry of metal complexes with quadndentate Schiff 

base ligands has been ~ t u d i e d ~ - ~  extensively. Furthermore, there has been 

increasing interest in the cheinistry of transition metal complexes of 

xanthates for their industrial applications''. They have also been used as 

insecticides, fungicides and 

'To our knowledge, there are no reports dealing with mixed-ligand 

complexes containing bridged Schiff bases (derived from salicylaldehyde) 

and alkyl xanthates. Also, only a few thennal analysis studies ofmixed- 

ligand xanthato complexes have been pupl is l~ed '~. '~ .  Therefore, and in 

coiinection with our previous studies on metal dithiolates,'j-2" we report 

herein the preparation of some mixed-ligaiid complexes fonned between a 

bi-idged Schiff base (derived from tlie condensation of salicylaldehyde and 

benzidine) and methyl, ethyl or butyl xanthate (Fig. 1). The metal ions 

used are nickel(II), cobalt(I1) and copper(I1). Thennal studies have also 

been carried out 011 some of the prepared complexes. 

RESULTS AND DISCUSSION 

The chemical composition and some physical properties of 

the prepared compounds are given in Table I .  The chemical data 

show 2: 1.2 molar ratio reactions of the metal salts with the Schiff base 

and alkyl xanthates to produce complexes of the general formula 

[M2(sal-bz)(Rxan)~(DMF),]] where n = 2 or 4. The formation of the 
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BIMETALLIC MIXED-LIGAND COMPLEXES 1413 

Sahcylaldehyde - benzidme 
Schiff base (sal-bzH2) 

Xanthate anion (xan) 
R = methyl, Mexan 
R = ethyl Etxan 
R = butyl, B u m  

Fig. 1. Structure of the Ligands 

complexes may be represented by the following equation: 

2 MC12 i sal-bzH2 + 2 KRxan li Dn/L., [M2(sal-b.)~l)2(DMF),,I + 
2 KCI + 2 HCI 

sat-bzH2 = Schiff base derived from salicylaldehyde and benzidiiie; 

R = methyl, ethyl or butyl; 11 = 4 for M = Co(I1) or Ni(I1) and 11 = 2 

for M = Cu(i1). 

The complexes are readily soluble in chloroform and to a lcssei- 

extent in acetone, methanol or ethanol. The molar conductivities are in 

the 3.3-9.8 R-'cm2 mol-' range, commensurate with non-electrolytic 

behaviou?' . 

IR Spectra 

The infrared spectra of the complexes exhibit absorptions typical of a 

coordinated alkyl xanthate and Schff base. The main IR spectral bands are 

recorded in Table TI. For the Schiff base moiety, the band observed in the 

region 1615-1630 cm-' indicates the bonding of the azomethine nitrogen to 

the metal centers22. The coordination of the phenolic oxygen to the metal 

ions is manifested by the increase in the u(C-0) frequency (1210-1245 cin-') 
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BIMETALLIC MIXED-LIGAND COMPLEXES 1415 

-0 

v a. 
3 
E 
!j 

t - r - t -  
N r a  ri 

c 
3 -  
O N  
2 ' 0  
r?,c 
3 t -  
t- r4 
- 0  
t - t -  
P I N  

D
ow

nl
oa

de
d 

by
 [

R
M

IT
 U

ni
ve

rs
ity

] 
at

 1
9:

27
 2

6 
Ju

ne
 2

01
3 



1416 EL-SAID 

as compared with that of tlie free l i g a ~ i d ~ ' ~ ~ ~  (1 195 cm-I). 'I'he formatioil of 

ditiiiclear complexes may be attributed to the para-position of the 

azoinethine nitrogen in the Scliiff base (sal-biSIz), wherein coordination of 

both azomethine nitrogens to the same metal ion is difficult. Thus, the Schiff 

base behaves as a bis-bidentate ligand coordinating to the metal ions through 

the imine nitrogen and the phenolic oxygen atoms. 

The bands in the regions 1 120-1 140 cm-' and 1020-1040 ciii-i 

are tentatively assigned t(? u(C.43) and u(C-Sj of alkyl xanthatcs, 

The location :)f th. latter band in all complexes may be 

considel-ed a i  a confirinatioc oi' iiir b~timtei:. Iiatuie of tlic xanthate groiip 

since i t  appears as a single band in that region27. 111 all compounds the 

additional characteristic band observed i n  tile region 1640-1 670 cn. '  i s  

assignable to u(C=O) of coordinated DMF'. 

vel\;'.'6 

Electronic Spec t I'B 

The electronic spectral data of tlie complexes are recorded in  

Table 11. l l ie spectra of tlie coinpiexes were measured in chlorofonn 

solution The spectra of the N(1I) complexes display a d-d band in the 

region 15,504-1 5,873 ciiz-' (-'Ti, t 'Azr). The appearance of this band is 

typical of octahedralv coordinated Ni(I1). For the Co(1I) complexes 

the band at 16,000-16,129 cm" is ascribed to the d-d transition 

'T l e (P)  +- 'TI: charac,tei-i.stic. of oc!a?edrai Co(I1) complexes. Additional 

d-d trailsi!ioi!s are obscured bv charge naisfer b a d .  TIIP Ci(l!) 

complexes exhibit the d-d transitions at 13,889-1 3,986 cm-' which are 

similar to that of penta-coordinate Schiff base complexes of CU(I I )~~ .  Thus, 

a square-pyramidal arrangement may be suggested for these complexes. 
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BIMETALLIC MIXED-LIGAND COMPLEXES 1417 

On the basis of their hidl intensity ( E  = 1016-2506 M-lcin-'), bands 

occuniig in the region 20,619-2 1,739 tin-' for all complexes are ascribed to 

charge transfer transitions, most probably L -+ M. The absorption bands, 

which are located in the region 27,027-27,548 cin-' may be assigned to the 

imine 7c - n* transition of the Schiff base ligand'. Further, the bands 

appearing at 3 1,746-36,364 cm-' evidently are internal transitions in the 

alkyl xanthate 1noiet9~.  

The suggested structural fonnulation of the complexes may be 

represented as follows in Fig. 2. 

Thermal Behaviour 

The thermal decomposition of some of the prepared complexes was 

studied in the temperature range from ambient up to 550" C in static air. 

The complexes are Ir\ri2(sal-b~)(Etxan)2(DMF)~], ~i2(sal-bz)(Buxan)2- 

(DMF),,], [C~~(sal-bz)(Etxan)~(DMF)~], [C0~(sal-bz)(Biixan)~(DM1;)~], 

[Cu2( sal-bz)(Etsan),(DMF)~]~i~ [C~i~(sal-bz)(Buxan)2(Dh4F)~]. A computer 

program" which enables regression analysis and determination of kinetic 

and thennodynamic parameters froin experimental TGDTG non-isothennal 

thermogravimetric data has been used. This program allows the Coats- 

Redfeni and Norowitz-Metzger ~ n e t h o d s ~ " ~ ~  to be performed for up to 14 

different solid-state rate-controlling reactions, including nth-order Avrami- 

Erofeev3' phase boundary movement and diffusional models. The results 

are summarized in Table 111. 

The TG curves of the compounds exhibit two distinct steps in the 

temperature ranges 180-220" C and 370-485" C, respectively. In the first 

step, the xanthate moiety is undergoing decomposition, while the Schiff 
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1418 EL-SAID 

Qb- 
YMF 

I 
DMF 

DMF 
I 

DMI: 

/--.-... 

Fig. 2. Sugges!ed Structures of the Complexes 

M = Co(I1) or Ni(I1); S S = alkyl xanthate anion 

base part remained intact. It  was proposed that the decoinpositioii of the 

alkyl santhate moiety proceeds 1-ia a radical inechanisin [2RO(S)f S+2S 1 

ZRO-C(S)] with thc formation of a thermally stable intermediate product 

(Fig 3): this was accompanied by the loss of DMI; inoiecules and a volatile 

decomposition product (RO-C(Sj-C(S)-OR) The stability of the inter- 

inediates is achicved from the Ti.; ciirves. slri;e the plateaus corresponding 

to the first step yxteiid cver a temperature range of about 150-165" C , 

beyond which the second step sets UI The observed weight loss for tills 

step (30.94-39.13?6) is in good agreement with the theoretical values 

(31.1 1-39 55'?6)> for the shidied complexes. 

To obtain interniediates, the initial comp!exes were non-isothennally 

heated up to the temperature corresponding to the end of the first 
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BIMETALLIC MIXED-LIGAND COMPLEXES 142 1 

M = Ni(I1) or Co(I1) ; K =ethyl or butyl 

Fig. 3 .  Proposed Mechanism of the First Dccoinposition Step. 

decomposition step. ‘The composition assigned to the intermediates on the 

weight loss basis was further confinned by IIi spectral studies. The spectra 

of the intermediates reveal the presence of the coordinated Schiff base, as 

determined by the fact that the cliaracteristic bands of the Schiff base are 

located at the same positions as for the initial complexes (Table 11). Also, 

the appearance of a new band in the range 450-460 cin-’, typical for S-S 

bond34 supports the proposed structure of the intermediates. 

In the case of the Cu(I1) complexes, the intermediate may be 

stabilized by molecular association (Fig. 4). 
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Fig. 4. Suggested Structure of the Cu(I1) intennediate 

The non-isothermal-kinetics of the two decomposition steps of the 

complexes is listed i n  Table 111. It can be concluded that the activation 

cnergies for tlie first decomposition step vary greatly among the complexes 

indicating diffcrciit thermal stabilities. The following thennal stability order 

can be recognized: 

Co(II) Cu(1I) Ni(I1) 

‘l’his behavioiir may be attributed to tlic variable degee of’ the ionic 

character i i i  the inetal-sulphur, metal-nitrogen, or metal-oxygen bonds in the 

complexes” The lower stability of the cobalt(I1) complexes might be 

attributed to the autocatalytic effect of the cobalt(I1) ion. Additional 

intennolcctilar- factors may operate and control the stability of the 

complexes. 

It is obvious from the results obtained that different kinetic 

models3’ govern the first step in the decomposition process for tlie 

various complexes. The complexes [Ni,(sal-b~)(Etxan>2(DMF)~], 

[Cu2(sal-bz)(Etxan)2(DMF)2] and [C~~(saI-bz)(Buxan)2(DMF)~] are 

governed by phase-boundary movement (Fn 2); one-dimensional movement 

of the phase-boundary (Fn 0) is tlie rate controlling mechanism 

for [Co~(~al-bz)(Etxan)~@MF)~] and [C0~(sal-bz)(Buxan)~(Dh4F)~] 
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BIMETALLIC MIXED-LIGAND COMPLEXES 1423 

while random nucleation (Fn 1) governed the first decomposition step 

of the complex [Ni~(sal-bz)(Buxan)~(DMF)~]. Fn 2, Fn 0 and Fn 1 

c o r r e ~ p o n d ~ ~ . ~ ~  to the g(a) fuictions [l-(l-a)'-"] / (l-n), CL , -ln(l-a) 

respectively, which give the best fit of data; ct is the fraction decomposed 

and n is the reaction order. 

In all the complexes studied the second step represents the 

decomposition of the intermediates formed in the first step with the 

formation of nietal sulphide as the end product. Sulphur analysis and the 

observed overall weight loss range (83.09-78.58%) versus the calculated 

values (83.48-78.90%) are i n  agreement with the formation of metal 

s ~ l p l i i d e s ~ - ' ~ ~ ~ .  'Hie relatively low values of activation energies of tlie 

copper(I1) intermediates suggest that the bonding is weaker in tlie copper(I1) 

iiitennediates than in the cobalt(I1) and nickel(I1) intermediates. 

The activation enthalpies (AH') have the same trends as the activation 

energies. The negative values of the activation entropies (AS') in  these 

complexes indicate that the activated coinplex has a more ordered structure 

than the reactants and that the reactions are slower than 

EXPERIMENTAL 

All chemicals were of analytical grade. The Schiff base ligand was 

prepared by the usual condeiisation method'. Potassium alkyl xanthates 

were prepared according to previously published methods'". The LR spectra 

of the complexes were recorded on a S h a d z u  IR-470 spectrophotoineter 

and electronic spectra were obtained using a Shimadzu UV-2101 PC 

spectrophotometer. Conductivity measurements were made using a LF Digi 
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550 conductance bridge. Tliennal studies were carried out as described 

previonsly” with the aid of a Sartorius 2003 MP electrobalance convcrted to 

a thennobalance by the addition of a small furnace and sample holder. The 

temperatwe was measured using a chromal-alumal thermocouple attached 

to a type Soor MF 550 digital multimeter, the heating rate was adjusted to 

7 0  c min-’ . 

Preparation of the Complexes 

Since the preparation of the coinplexes followed essentially similar 

procedures, To 20 i d  of a hot 

dimetli!;lfonnainide solution of the Schiff base salicylaldeliyde-beii~idine 

(0.2 g; 0.5 mmol), a soltitioii of the metal chloride ( 1  minol) in 10 mI, 

methanol was added with constant stirring. To the above mixture, 10 1111, of 

an aqueous solution of potassiuin alkyl xanthate (1 mmol) was added wi th  

constaiit stiri-ing. The complexes were precipitated by addition of distilled 

water. The products were filtercd, washed with a little dimcthylfonnainide 

( 5  mI,j  and dried over P.lOlo. 

a general method will be described. 
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