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K I N E T I C S  OF T H E R M A L  D E H Y D R A T I O N  OF L a ( l l l )  A N D  
Y b ( l l l )  C O M P L E X E S  WITH ORTHO-VANILLIN O X I M E  
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The analysis of dehydration of the complexes, [La(CsHsNO3)3.2H20] and 
[Yb(CsHaNO3)3.3H20] for the evaluation of kinetic parameters (Z ,E & AS ) and 
mechanism of dehydration by non-isothermal methods are reported. The complexes decom- 
pose in three well defined steps involving random nucleation mechanism. First two steps in- 
volving the dehydration and the third step the loss of the ligand moiety. The intermediates 
formed during decomposition were found to be unstable for carrying out any significant 
studies. 

The complexes have been already characterized [1]. The present inves- 
tigation deal with the mechanism of dehydration of complexes and the 
evaluation of kinetic parameters of the complexes. 

Exper imen ta l  

Paulik-Paulik MOM derivatograph [2] was employed for recording of 
simultaneous DTA, DTG and TG curves of the complexes. The samples 
were heated at the rate of 10 deg/min in a cylindrical heat resistant ceramic 
crucible, or-alumina was used as the reference material. 

Non-isothermal methods: Piloyan-Novikova [3], Coats-Redfern [4] and 
Horowitz-Metzger [5] were employed to analyze the thermogravimetric data 
and for establishing the mechanism of dehydration. The graph a-T(K) was 
also analyzed to support the mechanism of dehydration. 
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Results and discussion 

[La(CsHsNO3).2H20] complex (Fig. 1) starts decomposing at 373 K and 
this step continues upto 418 K when a rest appears in the curve. The weight 
remaining at this stage corresponds to [La(CsH8NO3)'H20] indicating the 
loss of one coordinated water molecule. The complex further decomposes at 
418 K and this process continues upto 553 K when again a small distinguish- 
able rest is observed. This corresponds to the complete dehydration of the 
complex. The next decomposition steps continues upto 893 K corresponding 

t o  the loss of the ligand moiety. Beyond this temperature there is no weight 
loss as the stable oxide La203 is formed. 
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Fig. 1 Simultaneous DTG-DTA-TG curves of [La(CsHsNO3)'2H20] complex 

Similarly, [Yb(CsHsNO3)3.3H20] complex (Fig. 2) starts decomposing 
from 333 K to 433 K corresponding to the loss of one coordinated water 
molecule. Further decomposition from 480 K to 595 K corresponds to the 
loss of the remaining two coordinated water molecules. There is further loss 
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Fig. 2 Simultaneous DTG-DTA-TG curves of [Yb(CsHaNOa)-3H20] complex 

in weight upto 994 K due to the loss of the ligand moiety. Beyond this 
temperature there is no further loss in weight as the stable oxide Yb203 is 
formed. 

Table I shows the value of kinetic parameters and the mechanism of 
decomposition obtained by using non-isothermal kinetics methods of 
decomposition. 

The fractional weight loss (a) and corresponding (l-a) n are calculated 
from TG curves at different temperatures during first two steps of decom- 

a 
position, where n depends upon the reaction model. The plots of lg -~  v s .  

1 - .  r - I n ( i - a ) ]  t 
-~ (F,g. 3), lg [ 7,2 J vs. -f  (Fig. 4) and lg [-In(I-a)] vs. e (Fig. 5) 

plotted for Piloyan-Novikova, Coats-Redfern and Horowitz-Metzger respec- 
tively are found to be the best linear fits, where O = T-TIn, T m =  peak 
temperature. Coats-Redfern and Horowitz-Metzger graphs supported by a- 
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Fig. 3 Piloyan-Novikova plots: La(III)complex [1st step (o) 2nd step (A) ], YbOlI)complex [lst 
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Fig. 4 Coats-Redfern plots: La(III)complex [1st step (o) 2nd step (b) ], Yb(III)complex [lst 
step (e), 2nd step (A) 

T(K) graph (Fig. 6) suggest random nucleation mechanism [6]. The ct-T(K) 
curves constructed on the basis of TG data for the first two steps of dccom- 
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Fig. 5 Horowitz-Metzger plots: La(llI)complex [lst step (o) 2nd step (&) ], Yb(lll)complex 
[lst step (o), 2rid step (A) 

position of both the complexes are of the same pattern. The curves begin 
with an acceleratory period without any apparent induction period, thus in- 
dicated that no surface nucleation or branching occurs before the start of 
these steps [7]. 

Slope, intercept and ~nergy of activation (E) obtained from graphs 
(Figs 3-5) were substituted in Eq. (1) to get the values of Z in case of 
Piloyan-Novikova and Coats-Redfern while the values of Z in ease of 
Horowitz-Metzger were calettlated by using Eq. (2). The entropies (~S*) of 
activation were calculated by using Eq. (3). 

Intercept =Ig~ R (1) 

z Thermal AnaL, 37, 1~1 
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z : exp (2)  

Z = KTm exp ( - - ~  / h (3) 

Where,  R represents  the molar  gas constant,  fl the rate of heating (Ks ' l ) ,  
K the Bol tzman constant  and h the Planck's  constant.  
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Fig,. 6 a vs. T (K) graph: La(IH)complex [lst step (o) 2nd step (A) ], Yb(lll)eomplex [lst step 
(e), 2rid step (A) 

The data  indicates that  both the complexes undergo complete dehydra- 
t ion in the first two steps of decomposit ion.  The third step involves the loss 
of the l igand moiety with the format ion of the stable oxides La203 and 
Yb203 as the end product .  The dehydra t ion  involves the random nucleat ion 
mechanism. 
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Zusammenfassung - -  Zwecks Ermittlung der kinetischen Parameter (Z, E und S') und des 
Mechanismus der Dehyclratierung dutch niehtisotherme Verfahren wird die Analyse der 
Dehydratierung der Komplexe [La(CsHsNO3)3-2H20] und [Yb(CsHsNO3)s.3H20] be- 
sehrieben. Die Komplexe zersetzen sich in drei gut definierten Sehritten mit Random-Keim- 
bildungsmechanismus. Die ersten zwei Schritte beinhalten die Dehydratierung, der dritte 
Schritt den Verlust tier Liganden. Die w~hrend der Zersetzung entstandenen Zwi- 
sehenprodukte erwiesen sich fiir jegliche signifikante Untersuehung als zu unstabil. 
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