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The thermal decomposition of cobalt(ll), nickel(ll), copper(ll) and zinc(ll) complexes 
of the Schiff base vanillidene anthranilic acid was studied by TG. The chelates show some- 
what similar TG plots when heated in an atmosphere of air. Thermoanalytical data (TG and 
DTG) of these chelates are presented in this communication. Interpretation and mathemati- 
cal analysis of these data and evaluation of order of reaction, the energy and entropy of 
activation based on the differential method employing the Freeman-Carroll equation, the 
integral method using Coats-Redfern equation and the approximation method using the 
Horowitz--Metzger equation ere also given. On the basis of experimental findings in the 
present course of studies, it is concluded that the relative thermal stability of vanillidene 
anthranilic acid chelates can be aligned as Co(ll) ~ Ni(ll) > Zn(l l) > Cu(ll). 

Very few systems are reported showing the relationship between thermal stabi l i ty 
of  metal chelates and structure of  chelating agents [1]. Wendlandt [ 2 - 5 ]  and Hi l l  
[6, 7] studied the thermal properties of metal chelates w i th  di f ferent types of  com- 
plexing ligands. A study of  thermal decomposit ion of Schif f  base complexes of  nickel 
and cobalt has been reported by Bhaskare and More [8]. Recently Lehtinen and Maire 
have made a report of the thermal stabi l i ty and kinetics of Cu( l l )  and N i ( l l )  chelates 
of the Schif f  bases derived from 5-bromosalicylaldehyde and some medicinal sulfon- 
amides [9]. Thermogravimetry of some noble and common metal chelates of 5-amino 
1,3,4-thiadiazole-2 th io l  and N-acetylacetone anthrani l ic acid was investigated by 
Johri and Arora [10]. 

The purpose of this study is to report the thermal stabi l i ty of the metal chelates 
and also to calculate the kinetic parameters viz., energy of  activation, entropy and 
order of reaction which corresponds to the decomposit ion of  the complex. 

Experimental 

The metal complexes of  vanil l idene anthrani l ic acid (C15H1304 N) were prepared 
by ref luxing 1M aqueous solut ion of  the metal chloride and 1M methanol ic solut ion of  
the ligand for  about half an hour on a water bath. The precipitates were f i l tered, 
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washed w i t h  aqueous methanol  and dr ied in vacuum desiccator. The structures of  

these chelates were found [11]  to  be of the general fo rmula  [ M L ( H 2 0 ) ] 2  where 

M = Co( l l ) ,  N i ( l l ) ,  Cu( l l ) ,  Zn ( l l )  and LH 2 = vanil l idene anthrani l ic acid. 

A p p a r a t u s  

A Stanton recording thermobalance Model TR-1 was used for  recording TG traces. 

The heating rate was 4 K min - 1  and chart speed was 6 in. h - 1 .  The atmosphere was 

static air. The samples were taken in tall narrow crucibles to avoid loss by spattering. 

T r e a t m e n t  o f  d a t a  

The instrumental TG traces were re-drawn as the mass vs. temperature (TG) curves 

and also as the rate of  loss of  mass vg temperature (DTG) curves. The curves were 

drawn using standard curve sets. TG, DTG traces of  all these chelates are presented 

in Fig. 1. 
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Fig. 1 TG and DTG traces, a= lCoL(H20) ]2  , b= [N iL (H20) ]2  , c=|CuL(H20)]2,  
d = [ZnL(H20)] 2 
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The TG curves were studied in greater detail. Al l  the TG curves were essentially of 
the same pattern. Three different methods were used to evaluate kinetic data from 
these TG traces. 

The d i f fe ren t ia l  m e t h o d  using F r e e m a n - C a r r o l l  equat ion  [ 12] 

The Freeman-Carroll equation was used in the form 

dw E *  
A log dt 2.303-~R ~ ( T - 1  ) 

~-n (1) 
A log w r A log w r 

where Wr = w ~  - w ;  woo = mass loss at the completion of the reaction; w --- mass loss 
up to time t; T =  absolute temperature at time t; n = order of reaction; R = gas con- 
stant in cal and E * = energy of activation in J mo1-1 . Of the above terms, Wr and T 
can be directly obtained from the TG traces. The mass temperature gradient (dw/dT) 
could be obtained by drawing tengents, but a more accurate method, based in 
Stirling's central difference formula for six points [13] was employed. The tempera- 
ture slopes, d w / d T ,  were converted into time slopes, d w / d t ,  using the relation, 

dw dw dT / ~dw (2) 
d t  = d t  = 

where ~ is the heating rate. 
A plot of 

dw 
A ( T _ I )  6 log -d-t- 

versus 
A log w r A log w r 

was drawn and was found to be linear from which the order of reaction and activation 
energy were obtained. The order of reaction (n) was found to be almost unity. The 
usual first-order rate law expression, 

dx 
. . . . .  k(a - x )  (3) 
dt 

can be put in the fol lowing form using the terms w and w r 

dw 
d t  = k w r  (4) 

combining this wi th Arrhenius equation i.e., 

k=Zexp(-- E* 

we get 

dw 

log - = 2.303 R T  

A plot of the left hand side expression against (T -1  ) was found to be linear, from the 
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slope of which E *  was calculated. Z was calculated from the intercept and entropy of 
activation, ~ S *  was obtained from the equation 

kTs 
Z =  --~--exp ( - - ~ - )  (7) 

where k is the Boltzmann constant and h is the Planck constant and T s is the peak 
temp. from DTG. Typical curves concerning the application of the Freeman-Carroll 
equation (n = 1) to all the chelates are given in Fig. 2. 
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F i g .  2 Freeman--Carroll plot. a = [CoL(H20)]2, b = [NiL(H20)I2, c = [CuL(H20)]2, 
d = [ZnL(H20)]2 

The integral method using the Coats-Redfern equation [ 14] 

For first order processes Coats-Redfern equation may be written in the form 

w = o  

[ log In = log [~-~- RT (8) 

since 1 - 2 R T / E * +  1, a plot of L.H.S. against 1 /T was drawn (Fig. 3). E *  was 
calculated from the slope and Z was found out from the intercept. 
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Fig .  3 C o a t s - - R e d f e r n  p l o t .  a = [ C o L ( H 2 0 ) ] 2 ,  b = [ N i L ( H 2 0 ) ]  2,  c = [ C u L ( H 2 0 ) ] 2  , 

d = I Z n L ( H 2 0 ) ] 2  

The approximation method using the Horowitz-Metzger equation [15] 

The Horowitz-Metzger equation applicable to first order kinetic processes is in 
the form 

w= E * O  
log log - RT 2 log 2.303 (9) wr 2.303 

where 0 =  T - T  s and the other terms are as described earlier. A plot of 
log log (w= /w  r) vs E) was drawn and was found to be linear; from the slope of which 
E *  was calculated. Typical curves are given in Fig. 4. The pre-exponential factor Z 
was calculated from the equation 

E *  Z 
- -  E *  (10) 

The entropy of activation ~S*  was calculated from the equation used earlier for the 
purpose. 
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Fig. 4 Horowitz~Metzger plot. a = |CoL(H20)] 2, b = [NiL(H20)]2, c = ICuL(H20)]2 
d = [ZnL(H20)]2 

Results and discussion 

The decomposition temperature ranges for the metal chelates are given in Table 1. 
Data from independent pyrolytic experiments (carried out by heating weighed samples 
taken in porcelain crucibles in an atmosphere of  air) are also included in Table 1. 
Kinetic parameters calculated by employing the Freeman-Carrol l ,  the.Coats-Redfern 
and Horowi tz -Metzger  equations are summarized in Table 2. The overall loss of mass 

from the TG curve is 80% for  [CoL(H20) ]2 ,  80% for [N iL (H20) ]2 ,  74% for 
[CuL(H20) ]2  and 78% for  [ZnL(H20) ]2  whi le the calculated loss in mass for these 
conversions are 

3[CoL(H20)]2 ---> 2 Co304 76.85% 

[Ni L(H20)]2 --+ 2 NiO 78.40% 

[CuL(H20)]2 ---* 2 CuO 77.32% 

[ZnL(H20)]2 - - *  2 ZnO 76.91% 
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T a b l e  1 Thermal decomposition data 

Substance 

% mass loss Order of reaction 

Z s a k b ' s  
Decomposition Observed From indi- Peak temp. Freeman-- modified 
temp. range, pendent Calculated from DTG, Carroll 

K from TG pyrolysis K method Doyle 
method 

[CoL(H20)]2 633-693 80 77.02 76.85 643 1.05 1 

[Ni L(H20)]2 633-703 80 78.20 78.40 673 I . I0  1 

I C u L ( H 2 0 ) ] 2  533--583 74 77.80 77.32 543 1.16 1 

[ Z n L ( H 2 0 ) ] 2  603-733 78 78.04 76.91 623 0.98 1 

LH 2 = vanillidene anthranilic acid 

T a b l e  2 Kinetic data 

From Freeman-- From Coats- From Horowitz-- 
Substance Parameters 

Carroll equation Redfern equation Metzger equation 

[CoL(H20)]2 E*kJ  tool - 1  174.14 191.55 186.35 
m = 50 mg Zs  - 1  2.39 X 10 11 5.20 X 10 12 4.87 X 10 12 
w = 40 mg AS J K -  1 mol - 1 - -  3 3 . 4 9  - -  7 . 8 8  - -  8.43 

[Ni L(H20)]2 E*kJ  tool -1  201.51 201.51 197.18 
m = 4 5 m g  Zs  - 1  1.23X 1013 1.24X 10 13 6.89 X 10 12 
w =36 rag  ~S J K - l m o 1 - 1  - 1 . 0 9  --0.25 - 5 . 9 2  

ICuL(H20)]2 E*kJ  mo1-1 119.72 127.67 129.10 
m = 50 mg Zs  - 1  6.47 X 10 8 2.58 X 10 9 9.05 • 10 9 
w -- 37 mg AS J K -  1 m o l -  1 - 81.28 -- 69.77 -- 59.33 

[ZnL(H20)]2 E*kJ  tool - 1  119.72 79.83 82.59 
m = 5 0 r n g  Z s - 1  1.64X I08 3.89X 103 1.43X 104 
w = 39 mg AS J K -  1 too l -  1 - 93.8 - 182.43 - 171.58 

The end products are conf i rmed to  be C o 3 0 4 ,  NiO, CuO and ZnO f rom the i r  X- ray  

d i f f rac t ion  pat tern.  

The loss of  coord inated water  and the l igand is found  to  be in one step. Accord ing 

to  N iko laev et al. [16 ]  water  e l iminated be low 150 ~ can be considered as the water  

o f  c rys ta l l i za t ion and water  e l iminated above 150 ~ may be due to  its coo rd ina t ion  

to  the metal  ion. In the present studies i t  is observed tha t  the decompos i t ion  starts 

on l y  after 250 ~ So the water  present is the coord ina ted  water .  In i t ia l  decompos i t i on  

temperature  and in f lect ion temperature have been used to  de termine thermal  s tab i l i ty  

o f  metal  chelates. The ini t ia l  decompos i t ion  tempera ture  is f requen t l y  used to  def ine 

the relat ive thermal  s tab i l i ty  o f  metal  chelates [16] .  On the basis o f  exper imenta l  

f indings in the present course of  studies and the observat ions made by  earl ier workers  
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[17, 18], the relative thermal stability of vanillidene anthranilic acid chelates can be 
given as 

Co(ll) ~ Ni( l l )  > Zn(l l )  > Cu(l l) 

Decomposition kinetics 

The analysis of data using the Freeman-Carroll equation and Zsak6's modified 
Doyle method [20, 21] by calculation of standard deviation gives the order of the 
decomposition reaction near unity in all these cases (Table 1). Based on this value 
of the order of reaction, the kinetic parameters are evaluated. 

The values of energy of activation E *  obtained for Co(ll) complex are 174.14, 
191.55 and 186.35 kJ tool -1 by the three methods respectively while for Ni( l l )  
complex the values are 201.51,201.51 and 197.18 kJ mo1-1 and for Cu(ll) complex 

the values are 119.72, 127.67 and 129.10 kJ mo1-1 and for Zn(l l )  complex the values 
are 119.72, 79.83 and 82.59 kJ mo1-1. The entropies of activation vary from 
- 182.43 to - 0 . 2 5  JK -1 m o l - l .  The negative values of ~S*  in these complexes 
indic=te that the activated complex has a more ordered structure than the reactants 
and that the reactions are "slower than normal" [22]. 

The kinetic parameters show a somewhat different trend from that of thermal 
stability. This 'is not surprising, because the decisive criteria in kinetics are often quite 
different from those which decide thermal stability. It is seen that E *  values and Z 
values increase in the order 

[ZnL(H20)]2 < [CuL(H20)]2 < [CoL(H20)]2 < [NiL(H20)]2 

�9 ' k  "X- ~ -  
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Zusemmenfassung -- Die thermische Zersetzung von Cobalt(l I)-, Nickel(l I)-, Kupfer ( l l ) -und  
Zink(l l)-Komplexen der Schiffschen Base Vanillidenanthranils~ure wurde thermogravimetrisch 
untersucht. Die Chelate zeigen in einer Luftatmosph~re ~hnliche TG-Kurven. Thermoanalytische 
Daten (TG and DTG) dieser Chelate werden mitgeteilt, interpretiert und mathematisch analysiert. 
Ebenfalls werden die Reaktionsordnung und die Energie und Entropie der Aktivierung nach der 
von Freeman--Carroll angewandten differentiellen Methode, nach der auf der Coats--Redfern- 
Gleichung basierenden integralen Methode und nach der die Horowitz--Metzger Gleichung be- 
nutzenden N~herungsmethode bestimmt. Aus den 6efunden wird geschlossen, dass die thermische 
Stabilit~t von Vanillidenanthranils~ure-Chelaten in der Reihenfolge C o ( l l ) ~  N i ( l l ) > Z n ( l l ) >  
> Cu(l l)  abnimmt. 

PaaloMe-  MeTOAOM TF HayqeHO TepMHqecKoe pa3no)KeHHe KOMn/leKCOB /],ByxBaneHTHblX KO- 
~anbTa, HHKenR, MeAH H U, HHKa C LUHC[O(:I)OBblM OCHOBaHHeM BaHHnH/leHaHTpaHHnOBOI4 KHCJ10- 
TO~. TI- H ,D, TA-,o, aHHble 3TF.. xenaToB B aTMOCdpepe BOa,0,yxa /IO HeKOTOpO~ cTeneHH 6birth no- 
,O,O()Hbl. r'lpe,a.CTaBneHa HHTepnpeTaU, HR H MaTeMaTHqeCKH~ aHanH3 nonyqeHHblX /laHHblX, a TaK>Ke 
onpeD, eneHbl nopn,0,OK peaKIJ, HH, 3HeprHR 14 aHTpOflHR aKTHBal.tHH ,0,14(:l)(:l:)apeHI.tHanbHbIM MeTO/1OM 
C HCROnbaOBaHHeM ypaBHeHHR ~)pHMeHa-Kappo.nna, HHTel'panbHblM MeTO.0,OM, HCnORb3yR ypaB- 
HeHHe KoyTca--Pa,o,d~)epHa H MeTOAOM npl4~,nH)KeHH~ C HcnonbaOBaHHeM ypaBHeHHR XOpOBHU.a-- 
Meu, repa. Ha OCHOBaHHI4 nonyqeHHblX 3KcnepHMeHTanbHblX ,0,aHHblX yCTaHOBneHo, LITO OTHO- 
CHTenbHBR TepMOyCTO~qHBOCTb xenaToB MO>KeT 6blTb pacnono)KeHa B pRD, Co ~ Ni > Zn > Cu~ 
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