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Abstract: There is an upsurge of interest towards the study of the interaction of plant auxins with metals present 
in the soil. Different researchers carried out solution and solid state studies on the complexing behaviour of the 
plant auxins. This note added to the existing knowledge of the chelating nature of auxins and highlights the 
thermal stability and kinetics of the non-isothermal decomposition of tris (indole-3-acetato) Nd(III).2H20 using 
techniques of Dave & Chopra [13]. 
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I. Introduction 
Co-ordination chemistry has assumed the huge importance in medicine, industry and analytical 

chemistry have been well attended [1-8] and addressed in line with the human progress upon this planet. The 
solid state reactions on the thermal profiles of solid complexes of Indole-3-acetic acid (IAA) resembling the 
type of reaction. 
A(s)              B(s) + C(g)  ------ (1) 
 
recommended for kinetic study by Freeman and Carrol [9] and follow first order kinetics. 

Thermogravimetry has been widely used to study kinetics of thermal decomposition of reactions. As 
pointed out by Doyle [10], one mass-loss curve is equivalent to a large number of mass-loss curves. The 
determination of kinetic parameter by non-isothermal methods in advantages as compared to upon the various 
solid state reactions identified and examined on the conventional isothermal studies. The kinetics of solid 
reactions is entirely dependent upon the slope of the sigmoid of the reaction. 
The kinetic analysis of the derivative a thermogravimetric data of the chelates in reference using the Dave-
Chopra equations eg. (2) are made here  
 

 
 
 
Equation 2 simplifies for n = 1 
 K = (-dx/dt)/A-a ---------(3) 
which on fusion with Arrhenius equation yield 
 K = Z.e-E/RT 
 log K = log z - E/2.303 RT ---------(4) 
where, ‘A’ is the total area under the DTG curve, ‘a’ is the area for the reaction curve at time t, dx/dt is the height 
of the curve at time t, mo is the initial mole fraction of the reactant and ‘n’ is the order of reaction with respect to 
the reaction. 
 

II. Experimental 
The ligating molecules and the metal salts used were of analytical grade. The plant auxins (IAA) and 

metal salt [Nd(NO3)6.6H2O] were obtained from Aldrich Chemical Co. Inc. (USA). 
The metal complex isolation involved the conversion of plant auxins in reference to sodium salt first, 

and then the replacement of sodium attached to carboxylic group by the metal by adding slowly, but with 
constant stirring, the metal salt to the aqueous solution of the sodium salt of plant auxin. The precipitate so 
appeared was allowed to settle, filter and washed with distilled water and dried at the temperature below the pdt 
(procedural decomposition temperature), value of the individual metal complex. 
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The Perkin Elmer (Pyris Diamond) was applied to register thermal profiling of these plant auxin complexes 
under the accompanying instrumental conditions. 
Heating rate : 100C min-1 
Atmosphere : Nitrogen, 200ml min-1 
Reference : Alumina powder 
 
Temperature programme :  Cel  Cel  Cel/min  min  s 
                  26 1000 10 0 0.5 
Charge (mg): IAA-Nd Complex 4.43 mg 
 
 

III. Results And Discussion 
For Kinetic studies of the non-isothermal decomposition reactions, the TG trace(s) on the different 

metal-ligand complexes were applied following: Horowitz and Metzger [  ] and Coats and Redfern method [12]. 
The differentially drawn DTG traces from the TG traces were based upon for the Kinetic study applying Dave 
and Chopra method [13]. 
 
Tris (Indole-3-Acetato), Nd(III).2H2O) 

(Nd.R3.2H2O) where R = An anion of IAA 
The thermal profiling of tris (indole-3-acetato) Nd(III).2H2O displayed 04 plateaus and 03 sigmoids 

over the stretch of ambient to 10000C. The pdt value stood at 1000C after which the loss of lattice water(s) began 
and ended at 1210C. Calculations had a tally to the two molecules of lattice water. The plateau with a spread of 
temperature range. : 1210C-2300C corresponded to anhydrous chelate of IAA; NdR3. With the supply of more 
energy, the NdR3 started departing the organic matter slowly till 3040C, but after it, the rate of loss speeded up 
and the trace nearly levelled off after 4000C till 4990C. The third plateau described the birth of a new 
intermediate with composition as Nd.17/10 R which could not tolerate the more supply of energy and lost all the 
organic matter attached leaving behind probably metal oxide : Nd2O3. 

Non-isothermal decomposition of NdR3.2H2O is systematically arranged in Table 1 and in Fig. 1 
The thermally defined events on TG trace had the correspondence on DTG trace. The lattice water loss 

(2H2O) was described by a peak with ∆Tmax at 1180C whereas the loss of 13/10 R had been found 
corresponding to two peaks continuum with ∆Tmax at 2460C and 3330C. The last sigmoid : 4990C-6600C on TG 
trace showed agreement to another peak with ∆Tmax at 5320C sans sharpness like those of the earlier peaks 
observed. 

DTA trace(s) described these thermal decomposition on TG/DTG traces as endotherm and 03 
exotherms. The endotherm with ∆Tmin at 1190C tallied to a loss of lattice water molecules whereas the 02 
exotherms with ∆Tmax at 2470C and 3420C showed correspondence to the losses of 13/10 R as observed as the 
second sigmoid at TG traces and the 02 peaks continuum (with ∆Tmax at 2460C and 3330C). The exotherm with 
∆Tmax at 5240C correspondingy agreed to the loss of 17/10R molecule of organic chelate. 
The solid-state reactions as ascertained on its thermal profile includes: 
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Table 1 

Thermal Data on Decomposition of Tris (Indole-3-acetato) Nd(III).2H2O 
Reaction Loss Found % oxide 

Calc. Found 
Ti, first stage, 0C - 100   
Tf, first stage, 0C - 121   
Loss to Nd.R3, % 2H2O  5.13 5.64 
Ti, second stage, 0C - 230   
Tf, second stage, 0C - 400   
Loss to Nd.17/10R, % 13/10R  33.96 32.86 
Ti, third stage, 0C - 499   
Tf, third stage, 0C - 660   
Loss to Nd2.O3, % 17/10R  78.33 61.88 
Nd2O3   23.93 19.91 

R = An Anion of IAA 
 

 
Tris (indole-3-acetato) Nd(III) Complex 

Fig -1 
 

The Dave and Chopra [3] equation for n = 1 was used to represent kinetics of non-isothermal 
decomposition of a metal complex as chosen by Freeman and Corroll [9] for Kinetic Study. Plots of log K 
against 1/T gave straight line, supporting the assumption that reaction (1-3) follow first order kinetics. The 
slopes and intercepts give activation energy E and collision number of reaction (1-3). Table 2 contains the 
kinetic data. 

 
Table 2 

Kinetic parameter for the non-isothermal decomposition of metal complexes of IAA using Dave & 
Chopra method 

 
R= An anion of IAA 

DOI: 10.9790/5736-1204017678                                www.iosrjournals.org                                                Page 78 



Thermal and Kinetics Analysis of the Decomposition of  Hydrated tris (Indole-3-Acetato) Nd(III) 

 
References 

[1]. S.S. Sawhney, R. Jain. Thermochimica.Acta 132(1988), 275-278. 
[2]. S.S. Sawhney, N. C. Sharma and N.K. Arora. Thermochimica Acta 126(1988), 393-395. 
[3]. S.S. Sawhney, R. K. Mittal. Thermochimica Acta 138(1989), 173-175. 
[4]. S. S. Sawhney, G. S. Chauhan, Mohd. Aslam, Thermochemica Acta 204(2) (1992), 321-327. 
[5]. Man Mohan Singh Jassal and Sushmita Yadav. Asian Journal of Chemistry 24(7) (2012) 3251-3252. 
[6]. Khaleel, Iragi Journal of Science 56(4A), 2015, 2762-2772. 
[7]. Man Mohan Singh Jassal. IOSR Journal of Applied Chemistry 10,8(1) (2017) 67-69. 
[8]. Saeid Rostami, Chemosphere 220 (2019), 818-827. 
[9]. E.S. Freeman, B. Carrol, J. Phys., Chem. 62(4), (1958), 394-397. 

[10]. C.D. Doyle, J. Appl. Polymer Sci. 5 (1961), 285. 
[11]. H. H. Horowitz, G. Metzger, Anal. Chem., 35(10) (1963), 1464-1467. 
[12]. A.W., Coats, J. B. Redfern, Nature, 201(1964), 68. 
[13]. N.G. Dave, S. K. Chopra, Z. Phys. Chem. 48(5-6) (1966), 257-266. 

 

DOI: 10.9790/5736-1204017678                                www.iosrjournals.org                                                Page 79 


