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11. Summary of the new findings of the thesis
 - 1st: - The ligand H2L: N’,N’,N’’’,N’’’-tetraethyl-N,N’’-pyridine-2,6-     dicarbonylbis(thiourea) was successfully synthesized. The complex formation of reaction of mixture of metal ions and H2L was studied condition were optimized. 

    - 2nd: 52 new trinuclear complexes with H2L were synthesized. Their chemical composition and molecular structure were characterized by elemental analysis (C, H, S, N), metal content determination (complexon titration) and spectroscopic methods such as IR, ESI - MS and 1H NMR. The complexes can be classified in 4 groups: 24 of type MLnL-212 (M = Co, Ni, Zn and Ln = La, Ce, Pr, Nd, Eu, Gd, Dy, Er); 18 of type MLnM-213 (M = Co, Ni and Ln = Ce, Pr, Nd, Gd, Dy, Er; M = Zn and Ln = La, Ce, Pr, Eu, Gd, Er); 4 of type MAL-212 (M = Co, No, Zn and A = Ca; M = Zn and A = Ba); 6 of type MAL-213 (M = Co, Ni, Zn and A = Ca, Ba). They make up to 52 in total and are all new, have not been published complexes.
The results showed that the types MLnM-212, MLn-213, MAL-212 and MAL-213 have the molecular formula of [M2LnL2(OAc)3], [M2LnL3](PF6), [M2AL2(OAc)2] and [M2AL3], correspondingly (the coordinated and crystallized solvent molecules are not included in these formulae). The ligand sH2L were doubly deprotonated when forming complexes while the carbonyl (C=O) and thioyl (C=S) groups took part in forming chelate ring with metal ions. The AcO- locate ligands at the inner sphere of the complexes type MLnL-212 and MAL-212 while in type MLnL-213, anions PF6- resided at the outer sphere and neutralized the positive charges of cation [M2LnL3]+. The results of 1H NMR illustrated that the complexes possess symmetrical structure in solution and there exist a conjugated delocalization of π electrons, increasing the rigidity of (S)C-N(C2H5)2 bond in comparison to free ligands
   - 3rd: 19 molecular structures of 18 mixed-metal complexes were determined by the method of single crystal X-ray diffraction, including: 
	- 4 complexes of the type CoLnL-212:
	[Co2LaL2(OAc)3(CH3OH)(H2O)]
[Co2PrL2(OAc)3] 

[Co2EuL2(OAc)3].(CH3OH)4, 

[Co2GdL2(OAc)3].(CH3OH)4)

	- 3 complexes of the type NiLnL-212:
	[Ni2PrL2(OAc)3(CH3OH)2].(CH3OH)2, [Ni2EuL2(OAc)3(CH3OH)2].(H2O)2
[Ni2ErL2(OAc)3(H2O)].C7H8

	- 2 complexes of the type ZnLnL-212:
	[Zn2CeL2(OAc)3] 

[Zn2EuL2(OAc)3]

	- 1 complex of the type CoCeL-213:
	[Co2CeL3(CH3OH)2](PF6).(CH3OH)2

	- 2 complexes of the type NiLnL-213:
	[Ni2CeL3(CH3OH)2](PF6).(CH3OH)2 [Ni2PrL3(H2O)2](PF6).(CH3OH)2.(H2O)2

	- 1 complex of the type ZnLaL-213:
	[Zn2LaL3(CH3OH)2](PF6).(CH3OH)2

	- 1 complex of the type NiCaL-212:
	[Ni2CaL2(OAc)2(CH3OH)4]

	- 1 complex of the type ZnCaL-212:
	[Zn2CaL2(OAc)2]

	- 1 complex of the type CoBaL-213:
	[Co2BaL3(CH3OH)].CH3OH

	- 1 complex of the type NiBaL-213:
	[Ni2BaL3]

	- 1 complex of the type ZnBaL-213:
	Triclinic crystallized: [Zn2BaL3(CH3OH)].CH3OH

Monoclinic crystallized: [Zn2BaL3(CH3OH)2].(CH3OH).(H2O)2


 The results from metal content determinations, IR spectroscopy, ESI-MS and 1H NMR are confirmed by single crystal X-ray diffraction. They showed that: Ni(II), Co(II) or Zn(II) is bonded to aroylthiourea group of L2- ligand through O and S atoms in type of cis-bischelate or fac-trischelate; rare earth Ln(III) or alkaline earth metals A(II) is bonded to diacylpyridine group of L2- through O,N and O atoms. In most of complexes type MLnL-212 and MCaL-212, Ni(II) is octahedral coordinated, Zn(II) and Co(II) are square pyramidal coordinated, Ln(III) has 9-10 coordination number and Ca(II) has 8-9 coordination number. While in the complexes type MLnL-213 and MBaL-213, Co(II), Ni(II) and Zn(II) are all  fac-octahedral coordinated, Ln(III) has 11 coordination number and Ba(II) has 9-11 coordination number. Single crystal X-ray diffraction results had been able to explain the dependence of component and structure of complexes on the structure of ligands and properties of metal ions.

12. Practical applicability, if any: Highly applicable in creating magnetic materials, phosphorescence materials and catalysis.
13. Further research directions, if any: Study the magnetic and luminescent properties of the complexes to direct the application pathway.
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