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Abstract: The thermo-kinetics of Cr(l11) and Th(IVV) complexes derived from two different hydrazone
Schiff bases was investigated by thermogravimetric analysis (TGA). The thermodynamic analysis
shows that the complexes lose hydrated and/or coordinated water molecules in the first step; followed
by decomposition of ligand moiety in the further steps leading to formation of stable metal oxide. The
decomposition steps were analyzed and the parameters like order of reaction(n), energy of activation
(Ea), entropy change (AS), free energy change (AF) and apparent entropy (S*) were calculated by using
Freeman-Carroll (FC) and Horowitz-Metzger (HM) methods. The activation energy for complexes
obtained in the two sets are in good agreement with each other. On the basis of half decomposition
temperature, the thermal stability of the complexes was determined.
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INTRODUCTION

Schiff base complexes derived from hydrazone ligands, consisting strong donor sites like oxygen and
azomethine nitrogen are widely studied due to their diverse metal binding, spectroscopic properties, and
biological versatility. [1-3], but also due to their remarkable thermal stability as compared to the Schiff base
ligands [4-7]. In spite of the relatively large number of reports on Schiff base metal complexes, less
work has been published on thermal stability of the complexes and calculation of their kinetic and
thermodynamic parameters of decomposition. In this paper we report kinetics of the thermal
decomposition pattern of Cr(lll) and Th(IV) complexes prepared by using two different hydrazone
Schiff bases. The thermal parameters were calculated using Freeman-Carroll (FC) and Horowitz-
Metzger (HM) [8] methods. The complexes are thermally stable and their thermal decompositions

are multistage processes. The complexes are subjected to TG analysis from 50-850°C.
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MATERIAL AND METHODS

All the chemicals used for the synthesis of the ligand and their metal complexes were of AR

www.jetir.org (ISSN-2349-5162)

grade or chemically pure, solvents were purified and dried before use. The ligands used in the
work were not commercially available, hence were synthesized in our laboratory. The metal
complexes were prepared by mixing the ethanolic solution of metal salt with the ethanolic solution of
ligands by setting the suitable reaction conditions. The Cr(l11) and Th(IV) metal salts used for the
preparation of complexes were chromium(lll) chloride [CrCls] and thorium nitrate tetrahydrate
[Th(NO)3.4H,0] respectively. The *H NMR spectra of the ligands were taken using TMS as the
internal standard on a 90 MHz on a Perkin Elmer R-32 spectrometer. IR spectra (KBr) were
recorded on a Perkin Elmer-842 spectrophotometer in the region 400-4000cm™ at RSIC, Punjab
University, Chandigarh. Thermal analysis results of the complexes were obtained at a rate of 10°C per

minute on a Rijaku-Thermo plus EVO2 thermodilatometer.

Synthesis of the Schiff base ligands:

All the ligands: SSH (Salicylaldehyde salicyloyl hydrazone) and DHASH (2,4-
dihydroxyacetophenone salicyloyl hydrazone were prepared by the addition of hot ethanolic solution
of salicyloyl hydrazide (0.05 mol) into hot ethanolic solution of respective aldehyde/acetophenone (0.05
mol). The reaction mixture was refluxed in a water bath for 4-6 hrs. The colored products so

obtained were filtered off and recrystallized from dimethyl formamide.
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Synthesis of Cr(111) and Th(lIVV) Complexes:

Equimolar quantities of respective metal salt (0.02 mol CrClz or Th(NO)3.4H.0) and the ligands
were dissolved separately in absolute ethanol (25 ml). Both the solutions were filtered and mixed in hot
condition. The reaction mixture was refluxed for 4-6 hrs in a water bath. The colored products
obtained were filtered, washed several times with hot water followed by ethanol and diethyl ether and

finally dried over fused calcium chloride.
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RESULTS AND DISCUSSION

Infrared Spectra of the ligand:

The IR Spectra of the ligands were recorded for the identification of their donor sites and to
compare the shifts in frequencies after their complexation with Cr(lll) and Th(IV) metal ions. A
broad and strong band in the spectra of complexes in the region 3365-3268 cm-1 is assigned to
intramolecular hydrogen bonded phenolic OH, a sharp band between 3220- 3011 cm-1 is due to N-
H Stretching. The other bands in the region 1649-1642, 1621-1618, 1301-1270 and 1031-962 cm-1 are
assigned to v(C=0), v(C=N) v(C-0) and v(N-N) respectively [9-13].
1H NMR Spectral data of ligands:

L1-SSH - 6 12.39 (2 H,S, phenolic OH); 11.44 (1H,S, Imino NH); 6.95 - 7.95 (8H,M, Aromatic
proton); 8.94 (1H,s, Azomethine HC=N) [18-21].

L2-DHASH - 6 13.33 (2 H,S, Phenolic C>-OH); 11.44 (1H,S, Imino NH); 6.98 - 7.99

(7H,M, Aromatic proton); 2.3 (3H,s, Methyl, N=CCHj3) ; 9.82 (1H,S, Phenolic C4-OH).

Table 1. The analytical and physical data of the complexes.

Formula ) M% C% H% N%
Sr. | Time of
Complex | Weight | Colour Found | Found | Found | Found
No. Reflux
g mol? (Calcd.)| (Calcd.) [(Calcd.) | (Calcd.)
15.63 | 48.99 2.99 8.14
1. Cr-L1 341.69 brown 5h
(15.22) | (49.21) | (2.95) | (8.20)
13.85 | 49.23 321 7.48
2. Cr-L2 370.99 Brown 6h
(13.99) | (48.47) | (3.25) | (7.54)
39.68 | 31.02 1.80 9.71
6. Th-L1 578.29 | Yellow 6 h
(40.12) | (29.08) | (1.74) | (9.69)
38.18 | 29.58 1.79 9.26
4. Th-L2 608.32 | Yellow 6h

(38.14) | (29.62) | (1.99) | (9.21)

Thermogravimetric analysis of the complexes:

All the complexes are stable up to 650°C and are decomposed into two stages. The Cr(ll)
and Th(IV) complexes remain stable up to ~235°C indicating absence of coordinated and lattice water
molecules. Elimination of ligand moiety takes place in the first step and a part of coordinate ligand
decomposed in second step followed by horizontal level beyond 650°C in all the complexes due to
formation of stable metal oxides. The above pattern confirms the formation of metal complexes.
The half decomposition temperature, entropy change (AS), free energy change (AF) and frequency factor (2)
of compounds were calculated by employing using Freeman-Carroll (FC) and Horowitz-Metzger (HM)
methods [14-16]. The kinetic parameter data for the complexes are given in the Table 3. On the
basis of half decomposition temperature, the thermal stability of the Cr(Il1l) and Th(IVV) metal

complexes is found to be: Cr-L1> Cr-L2 > Th-L2 > Th-L respectively.
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Table 2 Thermal decomposition data of Cr(l11) and Th(I'V) complexes.

Activation
Free
Half Energy Entropy Apparent
. Energy
Sr. decomposition Ea Change Entropy
Complex (n) Change
No. temperature | (kJ mole?) -AS AF Change
°C H- J/mol/K S* (kJ
= FC* ( ) (kJ/mol) &9
M**
1. Cr-L1 405 13.22 |1 11.26 | 0.93 | -311.28 113.33 -28.45
2. Cr-L2 389 10.27 | 11.36 | 0.95 | -310.25 107.52 -36.73
3. | Th-L1 352 15.23 | 14.12 | 0.96 | -369.17 104.79 -32.47
4, Th-L2 365 13.82 | 14.11 | 0.92 | -312.74 110.34 -30.74
CONCLUSION

The activation energies calculated by the Freeman-Carroll (FC) and Horowitz-Metzger (HM)
methods are in good agreement with each other. Thermodynamic parameters have been calculated
on the basis of thermal activation energy and values are given in Table 2. The thermal stability of

the compounds can be correlated with the substituent group attached to the ligands.
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