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Abstract: The thermal behaviour of Co (Il) and Ni(ll) complexes derived from thiocarbohydrazone
Schiff base was studied by thermogravimetric analysis(TG). The thermodynamic analysis shows that the
complexes lose lattice and coordinated water molecules in the first step and decomposition of ligand
moiety in the further steps leading to formation of stable metal oxide. The decomposition curves were
analyzed and the parameters like order of reaction, energy of activation and apparent entropy were calculated
by using Broido and Horowitz-Metzger methods. 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 thiocarbohydrazone ligands containing strong donor sites such as
oxygen, sulfur and azomethine nitrogen atom have been the subject of particular investigation, not only due
to variety of ways in which they can bonded to metal ions, their spectroscopic properties and biological
applications [1-7], but also due to their remarkable thermal stability as compared to the Schiff base ligands
[8-10]. In this paper we report kinetics of the thermal decomposition pattern of Co(ll) and Ni(ll)
complexes prepared by using thiocarbohydrazone ligand. The thermal parameters were calculated
using Broido [11] and Horowitz-Metzger [12] methods. The complexes are thermally stable and
their thermal decompositions are multistage processes. The complexes are subjected to a TG
analysis from 50-850°C.
MATERIAL AND METHODS

All the chemicals used as a starting material for the synthesis of the ligand and their metal
complexes were of AR grade or chemically pure, solvents were purified and dried before use. The
metal complexes were prepared by mixing the ethanolic solution of metal salt with the solution of ligand by
setting the suitable reaction conditions. The Co(ll) and Ni(Il) metal acetates were used for the preparation of
complexes. 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:

The ligand was prepared by the addition of hot ethanolic solution of thiocarbohydrazide (0.05 mol)
into hot ethanolic solution of 4-Diethylamino-2-hydroxybenzaldehyde (0.10 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 Co(l1) and Ni(l11) Complexes:

Equimolar quantities of respective metal salt and the ligand were dissolved separately in absolute
ethanol (30 ml). Both the solutions were filtered and mixed in hot condition. The reaction mixture was
refluxed for 5 hrs in a water bath. The colored products obtained were filtered, washed several times
with hot water followed by ethanol and diethyl ether.

RESULTS AND DISCUSSION
Thermogravimetric analysis of the complexes:

All the complexes are stable up to 800°C and are decomposed into two stages. The Co(ll) and
Ni(Il) complexes remain stable up to ~210°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 (Z) of
compounds were calculated by employing Broido and Horowitz-Metzger methods [22-24]. 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 Co(ll) and Ni(ll) metal complexes is found to be: CO-L, >
Ni-L2 > L respectively.

Table 1 Thermal decomposition data of L. complexes.

Activation Free
Half Energy Entropy Apparent
. Energy
Sr. Complex decomposition Ea (") Change Chanae Entropy
No. P temperature | (kJ mole™) -AS AFg Change
(°C) BR* MH;* (J/mol/K) (k3/mol) S* (kJ)
1. L. 410 20.00 | 31.1 [ 0.92 | -329.87 115.01 -24.21
2. CO-L> 390 11.77 | 15.14 | 0.96 | -332.78 109.33 -33.34
3. Ni-L 160 9.56 |19.23 |0.95| -220.06 88.88 -30.25
CONCLUSION

The activation energy calculated by the Broido and Horowitz- Metzger 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 1. The thermal stability of the compounds can be
correlated with the substituent group attached to the ligands. It is found that more substituted ligands
may have more thermal stability than more substituted ligands.

REFERENCES

1. Bonaccorso, C., Marzo, T., & La Mendola, D. (2019). Biological Applications of Thiocarbohydrazones
and Their Metal Complexes: A Perspective Review. Pharmaceuticals (Basel, Switzerland), 13(1), 4.
doi.org/10.3390/ph13010004

2. Mohammed, A. A., Al-Daher, A. M., Mohamad, H. A., & Harrison, R. G., (2015). Synthesis and
characterization of polydentate macrocyclic Schiff bases (14-membered atoms) and their complexes with
Co(I), Ni (1), Cu (I1) and Zn(l1) ions. Research Journal of Chemical Sciences, 5(7), 12-19.

3. Khorshidifard, M., Amiri Rudbari, H., Kazemi-Delikani, Z., Mirkhani, V. & Azadbakht, R. (2015).
Synthesis, characterization and X-ray crystal structures of vanadium(IV), cobalt(I11), copper(ll) and zinc(I1)
complexes derived from an asymmetric bidentate schiff-base ligand at ambient temperature,” Journal of
Molecular Structure, vol. 1081, 494-505, 2015.

IJRAR21A1661 | International Journal of Research and Analytical Reviews (IJRAR) | 713



© 2021 IJRAR February 2021, Volume 8, Issue 1 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

4. Malik, S., Ghosh, S., & Mitu, L. (2011). Complexes of some 3d-metals with a Schiff base derived from 5-
acetamido-1,3,4-thiadiazole-2-sulphonamide and their biological activity. Journal of the Serbian Chemical
Society, 76(10), 1387-1394. https://doi.org/ 10.2298/JSC110111118M

5. Abu-Khadra, A. S., Afify A. S., Mohamed A., Farag R. S., & Aboul-Enein, H. Y. (2018). Preparation,
characterization and antimicrobial activity of Schiff base of (E) - N - (4-(Thiophen-2-ylmethyleneamino)
Phenylsulfonyl) Acetamide metal complexes. The Open Bioactive Compounds Journal, 6, 1-10.
https://doi.org/10.2174/1874847301806010001

6. Ravoof, T. B., Crouse, K. A., Tahir, M. I., How, F. N., Rosli, R., & Watkins, D. J. (2010). Synthesis,
characterization and biological activities of 3-methylbenzyl 2-(6-methyl pyridin-2-ylmethylene)hydrazine
carbodithioate and its transition metal complexes. Transition Metal Chemistry, 35(7), 871-876.

7. Gull, P., & Hashmi, A. A. (2015). Biological activity studies on metal complexes of macrocyclic schiff
base ligand: synthesis and spectroscopic characterization. Journal of the Brazilian Chemical Society, 26 (7),
1331-1337. https://doi.org/ 10.5935/0103-5053.20150099

8. Elemo, F., Gebretsadik, T., Gebrezgiabher, M., Bayeh, Y. & Thomas, M. (2019) Kinetics on thermal
decomposition of Iron(ll) complexes of 1,2-bis(imino-4’-antipyrinyl)ethane with varying counter anions.
Advances in Chemical Engineering and Science, 9, 1-10. https://doi.org/ 10.4236/aces.2019.91001.

9. Patel, K. R., Patel, D., & Patel, V. D. (2014). Characterization, activation energy & thermodynamic
parameter of crystals synthesized from solvent evaporation method. International Journal of Researches In
Biosciences, Agriculture & Technology, J. Chem. , 2(2), 746-753.

10. Alshamsi, H. A., AL-Adilee, K. J., & Jaber, S. (2015). Thermal Decomposition Study on Solid Complexes
of 7-[2-(Benzimidazolyl)azo]-8-hydroxy quinoline with Co(lll), Ni(ll) and Cu(ll). Oriental journal of
chemistry, 31(2), 809-818.

11. Shamkuwar, R., & Juneja, H. (2013). Non isothermal kinetic study of some novel coordination polymers.
Research Journal of Pharmaceutical, Biological and Chemical Sciences, 4(3), 1365-1377.

12. Modi, C., & Thaker, B. (2008). Some novel tetradentate Schiff base complexes VO(IV) and Cu(ll)
involving fluorinated heterocyclic B-diketones and polymethylene diamines of varying chain length, Journal
of Thermal Analysis and Calorimetry, 94(2), 567-577.

13. Omar, M. M., Mohamed, G. G., & lbrahim, A. A. (2009). Spectroscopic characterization of metal
complexes of novel Schiff base. Synthesis, thermal and biological activity studies. Spectrochim. Acta, 73,
358-369. doi.org/10.1016/j.saa.2009.02.043

14. Refat, M. S., El-Sayed, M. Y., Adam, A. (2013). Cu (1), Co (I1) and Ni (Il) complexes of new Schiff base
ligand: synthesis, thermal and spectroscopic characterizations. J. Mol. Struct., 1038, 62-72.

15. Li, J., Xu, B., Jiang, W., Zhou, B., Zeng, W. & Qin, S. (2008). Syntheses, spectroscopic characterization
and metal ion binding properties of benzo-15-crown-5 derivatives and their sodium and nickel(ll) complexes.
Transition Metal Chemistry, 33(8), 975-979. doi.org/10.1007/s10847-011-9973-y

16. Maurya, M. R., Behl, S., Schulzke, C., & Rehder, D., (2001). Dioxo- and Oxovanadium(V) Complexes
of Biomimetic Hydrazone ONO Donor Ligands: Synthesis, Characterisation, and Reactivity. Eur. J. Inorg.
Chem, 3, 779-788.

17. Makhijani, R. M., & Barhate, V. D. (2014). Synthesis, characterization and study of microbiological
activity of complexes of Fe(Il) and Cu(ll) with (N-(o-methoxy benzaldehyde)-2-aminophenol}(NOMBAP).
International Journal of ChemTech Research, 6(2), 1003-1012

18. Rao, B., Ramesh, S., Bardalai, D., Rehman, H., & Shaik, H. A. (2013). Synthesis, characterization and
evaluation of anti-epileptic activity of four new 2-pyrazoline derivatives compounds. Scholar J. of Applied
Medical Science, 1(1), 20-27.

19. Gupta, R., Gupta, N., & Jain, A. (2010). Improved synthesis of chalcones and pyrazolines under ultrasonic
irradiation. Ind. J. of Chemistry, 49B, 351-355.

20. Vidya, K., & Syed, S. (2014). Synthesis, characterization and antimicrobial studies of novel 2- pyrazoline
derivatives. Der Pharma Chemica, 6(2), 283-287.

IJRAR21A1661 | International Journal of Research and Analytical Reviews (IJRAR) | 714


https://doi.org/10.5935/0103-5053.20150099

© 2021 IJRAR February 2021, Volume 8, Issue 1 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

21. Manoj, E., Kurup, M., Fun, H., & Punnoose, A. (2007). Self-assembled macrocyclic molecular squares of
Ni(Il) derived from carbohydrazones and thiocarbohydrazones: Structural and magnetic studies. Polyhedron,
26(15), 4451-4462.

22. Akilandeswari J., Joseph S. & Saravanan D. (2019). Synthesis and characterisation of metal complexes of
2-[(1-methyl-1H-Tetrazole5-yl)thio]-N’-[(1E)-4-methyl-1,3-thiazole-5 yl) methylene] acetohydrazide,
International Journal on Emerging Technologies, 10(3), 311-317.

23. Broido A.,J. (1969). Polym. Sci., A-2, 7, 761.

24. Horowitz H. H. & Metzger G. (1963). A new analysis of thermogravimetric traces. Anal. Chem., 35 (10),
1464-1468. https://doi.org/ 10.1021/ac60203a013

IJRAR21A1661 | International Journal of Research and Analytical Reviews (IJRAR) | 715



