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Analysis of TG Curves of Some Copper Complexes

Mahua Karmakar®, P.S. Mazumdar®, W. G. Devi’, S. Dorendrajit Singh",
and Manabesh Bhattacharya®
* Department of Physics, A.P.C. College, New Barrackpore 700 131,
24PGS(N), West Bengal, India. Email: mahua apc@yahoo.com
® Department of Chemistry, T.S. Paul Manipur Womens’ College Morsangei,
West Imphal, Manipur, India .
¢ Department of Physics, Manipur University, Canchipur, West Imphal 795 008,
Manipur, India .
4 Department of Physics, K. N. College, Berhampore 742 101, Murshidabad,
West Bengal, India.

Received September 24, 2008, accepted November 4, 2008

ABSTRACT

A method has been developed to extract kinetic parameters from TG curves. It has
been checked by applying it some synthetic TG curves. Encouraged by finding in
the case of synthetic TG curves the method has been applied to analyze TG curves
of some copper complexes.
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1. Introduction

Several methods of analytical chemistry are based on measuring chemical and
physical changes in a sample while its temperature is raised in a controlled manner.
The results of such measurements can often be expressed as a graph of one specific
property (the heat content, its mass etc) versus the temperature of the sample. In the
thermogravimetry (TG), the weight of the sample is recorded as a function of
temperature or time. TG measurements have been widely used to study the kinetics
of decomposition reactions and the main kinetic parameters associated with TG are,
respectively, the activation energy(E), order of kinetics of the reaction(n) and pre-
exponential factor (A)!').

In the present work, we have developed a method for the determination of the
kinetic parameters of a TG curve. The present method is checked by applying to
some synthetic TG curves. Finally the method has been used to analyze TG curves
of some copper complexes.

2. Theory
The basic equation generally employed for evaluating the kinetic parameters in non-
isothermal method is given by !~

- Cji_f =A(l-a)" exp(-E/RT) 1)
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Where « is the fraction of the sample which has been decomposed at time t and T is
the corresponding temperature.R is the universal gas constant.
Equation (1) can be replaced by the equivalent equation

% = Ax"exp(-E/RT) 2)

Where x =1-a represents the fraction of sample remaining undecomposed at time t .
For a linear heating profile

T=T)+ 1 3)
where T is the temperature at t=0 and ¢ is the linear heating rate.From equations (2)
and (3), we get

]

% zg x" exp(-E/RT) €))

The solution of equation (4) is straightforward and can be expressed as !"!

x(T)= 1+(n—1)4jexp(—E/RT/)dT/ " (for n#1) (5)

Ty

x(T)=exp(—A/ @) (for n=1) (6)
In equation (1) without any loss of generality one can replace the lower limit T, of

T
the integral I exp(—E / RT")dT' by 0'® (zero) and as shown by Singh et al "*
To
T
J-exp(—E/RT')dT'z (E/R)(~Lu) 7

o

E -
with u :E and I'(=1u) is the complementary incomplete Gamma function

[ 9]

81 evaluated by using its continued fraction representation ).

In order to find out the kinetic parameters E, n and A associated with a TG
curve we compute the mean deviation D,,; and root mean square deviation D,
defined, respectively, by

1 N
Dmd:N Z |(‘xi )calc - (xi )obs (8)
i=1
DVde: {;]IZN:I ‘(xi)zralt' - (xi)abs' 2}2 (9)

where (xi )mlc is the calculated value of x;(i=1,2,3 ....N, N is the number of
data points ) for a temperature 7, by using either equation (5) (n # 1) or equation (6)

(n#1). (x,),,, is the corresponding value of (x,) obtained from the synthetic or

experimental TG curves.D,; =D,,;,s =0 means a complete coincidence of the



Analysis of TG Curves of Some Copper Complexes 209

calculated and observed TG curves . An attempt has been made to find out the value
of E,;n and 4 which minimize D, and D,,, by using a suitable minimization
procedure [ %,

3. Result and discussion

To check the method we apply it to the theoretical TG data of Zuru et al '
corresponding to ¢=5K/minute. In Table 1, we compare the kinetic parameters
denoted by E;n. and logd., as calculated by the present analytical technique with
the input values Ez,nz, and logdy, used by Zuru et al "' in computing theoretical
TG curves. Excellent agreement has been obtained. Encouraged by our findings in
the case of theoretical TG curves we consider experimental TG curves of complexes
Cu(BSTCZ)(HCOO), Cu(BSTCZ)(CH3CHscoo) where BSTCZ denotes 1, 5 bis
(Salicylindene ) thiocarbohydrazone recorded with a constant heating rate
¢ = 10 K/minute. The TG curves of the above copper complexes have been
analysed by using the well known Coats and Redfern method '*. Ortega et al !'*!
have demonstrated that Coates and Redfern method leads to a sufficiently accurate
value of the activation energy. For the case of Coats and Redfern method, the order
of kinetics has been determined by employing a statistical technique prescribed by
Chakraborty " The result are displayed in Table 2 and in figures land 2. We find a
good agreement between the values of kinetic parameters E; n, and logA. as
calculated by the present method with those (Ecz, ncr and logAdcr) calculated by
using Coats and Redfern method!'*.

Table 1: Application of the present method to some computer generated TG
Curves [11]

Ez Nz, log Az, Ect Nef log At
(KJ/mol) (KJ/mol)
83.68 1 11.22 83.81 1 11.23
83.68 2 11.22 83.78 2 11.28

Table 2: Evaluation of kinetic parameters of experimental TG curves of some

copper complexes [6] by present method of curve fitting.

Complex Ecr Ncr log At E.¢ ne | logAcr
(KJ/mol) (KJ/mol)

Cu(BSTCZ)(HCOO) 163.01 2.4 13.56 163.54 | 2.3 | 13.56

Cu(BSTCZ)(CH;CH,COO) 152.86 | 2.4 10.89 15649 | 2.4 | 11.18
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Figure 1. Curve fitting of TG curves of the complex Cu(BSTCZ)(CH;CH,COO).
(* » *) denotes the experimental points and the continuous curve denotes the fitted
peak.
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Figure 2. Same as Figure 1 but for the complex Cu(BSTCZ)(HCOO)
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4. Conclusion

In the present paper we have developed an objective and accurate method of analysis
of TG curves. By applying the method to synthetic and experimental TG curves of
copper complexes, we have obtained results in reasonably good agreement with

those obtained by other existing methods in the literature !'"+'?],
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