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ABSTRACT 
In this study, eight complexes of this group were prepared by reacting the new ligand prepared from the 

reaction of dimedone with thiourea with metal chlorides of divalent (Mn, Co, Ni, Cu ,Zn,  Cd) and trivalent 

(Fe, Cr) transition elements. These complexes were characterised by distinctive colours, melting points and 

solubility, and from the diagnostic results obtained, it was found that the ligand.(1E,5E)-5-

carbamothioylimino)-3,3-dimethylcyclohexylidene) thiourea(L2) , that behave as dodecameric ligands with 

the metal ion, to which they bind through two amine groups. The octahedral shape of the complexes was 

suggested by IR, UV-visible, molar electrical conductivity, and magnetic susceptibility spectra, all of 

which indicated paramagnetic properties except for Zn and Cd, which have diamagnetic properties, and 

molar conductivity showed that all complexes are non-electrolytic except for Fe and Cr. The molecular 

formula of the complexes forming the group was determined by elemental analysis, where the elemental 

percentages matched the proposed molecular formula. The results measured the biological efficacy against 

pathogenic bacteria of the complexes showed varying efficacy. The results of antioxidant efficacy 

measurement using ethanol showed varying efficacy and were compared with gallic acid using DPPH as a 

free radical and gave different IC50 values. Density Functional Theory (DFT) measurement results showed 

that the chemical properties of the prepared complexes were consistent with the results of the practical part. 

 

1. Introduction 

Coordination chemistry in its modern form has been around for more than a century. Efforts to 

enumerate and describe what are now called coordination compounds began in the 19th century, and 

by 1857, Wolcott Gibbs and Frederick Genth published their paper on what they called ammonia and 

cobalt bases, drawing attention to a class of salts. [1] In 1875, the Danish chemist Jørgensen 

developed rules to explain the structure of a range of stable compounds that had been discovered, 

such as those with the formula [CoCl3.6NH3] - interestingly, Jørgensen spent nearly three decades 

defending and developing his concepts. [2]Therefore, coordination chemistry has been the focus of 

attention of researchers in various studies, especially the preparation of the compound [CoCl3.6NH3] 

in (1789), and in the second half of the last century it has gained a wide field in chemistry, due to its 

rapid development in the practical aspect of preparing complex coordination compounds 

(Coordination Compound) and interpreting the structures of these complexes, which played an 

important and significant role in various fields such as medicine, industry and agriculture that were 

tested and confirmed their importance at the present time. [3-5] . 

Coordination complexes consist of an atom or ion that accepts a pair of electrons called an acceptor 

and an atom or ion that provides that pair of electrons called a donor called a ligand, which is part of 

a neutral molecule such as CO", H2O and NH3", or part of an ion such as NH2CH2COO- and CO3-. 

The acceptor binds to a number of donor atoms that may be identical or dissimilar and the resulting 

compound may be a positive ion, a negative ion or a neutral molecule. [6,7,8] The formation of 

complexes is not limited to transition elements only, but the reaction includes symmetrical elements, 

where metal ions of elements can participate in the formation of complexes as a result of the binding 

of ions with organic or inorganic ions or molecules called ligands. [9] What distinguishes organic 

ligands is that they contain active groups whose atoms are electron donors and behave like Lewis 

bases, and the most famous of these active groups are (C=S, N=O, N=N, NH2, C=N), in addition to 

containing active groups that also have a role in increasing the colour intensity of these ligands and 
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their complexes. [10]. The coordination bond is formed by donating an electron pair from a Lewis 

base ligand to another receptor containing an empty orbital (central metal) Lewis’s acid and the new 

bond formed is called a coordination bond. [11] Schiff bases have been widely used as coordination 

bond after reacting with organic compounds to form ligands due to the high stability of coordination 

compounds and their good solubility in common solvents - which have a geometric shape that affects 

the electronic structure as well. The thermochemical properties of Schiff bases have attracted much 

attention from researchers due to their ability to coordinate metal ions, leading to the formation of 

binary, tetra- or octahedral coordination orders in metal chelates containing a donor atom group. [12]  

2. Materials and Methods 

The ligand L2 resulting from the reaction of thiourea with dimedone was prepared in the 

following steps: 1.40 gm, 1mmol of dimedone was added to 1.40 gm, 2 mmol of thiourea with 10 

drops of ice acetic acid was added as a catalyst and dissolved in 25ml of absolute ethanol. 99.9% 

high-purity ethanol and the substances were placed together in a 100 mL round bottom flask with 

continuous stirring. It is placed on the heating device at 80 0C with the use of a stirrer to ensure the 

melting of the substances. It is left on heating for 3h using retrograde rectification to form light 

yellow needle crystals Cooled by an ice bath, the formed crystals were filtered and recrystallized 

using ethanol. Its melting point is 158-154 0C as in the following chart: 

Scheme 1: (1E,5E)-5-(carbamothioylimino)-3,3-dimethylcyclohexylidene) thiourea 

Preparation of L2 ligand complexes: 

 Ligand complexes were prepared from the reaction of previously prepared ligand with metal salts 

using the following steps: 

2.1 Preparation of complexes from the reaction of ligand (L2) with metal ions.  

In a 100 ml round bottom flask 0.560 g, 2.0 mmol of L2 dissolved in 20 mL of absolute ethanol to 

dissolve the ligand with continuous stirring and 0.474 g, 2 mmol of cobalt chloride salt CoCl2.6H2O 

dissolved in 20 mL of absolute ethanol with continuous stirring. The dissolved (L2) was then mixed 

with the cobalt chloride salt. It was placed on heating using with continuous stirring for 3h. It was 

heated to 70 0C. L2 was added to the salt in a ratio of 2:2 and a dark blue precipitate was obtained, 

which was filtered and recrystallized using ethanol and weighed and the resulting complex was 55%, 

then the reaction was confirmed by thin layer chromatography (TLC). The rest of the complexes 

were prepared by dissolving Mn (II), Fe (III), Cr (III), Ni (II), Zn (II) and Cd (II) ions in the same 

way. Table 1 shows the amount of metal salt used in the preparation of the complexes, the molecular 

formulas of the prepared complexes, their weights, the percentage of the resulting complex and its 

colour. 
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Table 1: Amount of metal salt used in complex preparation, molecular formulas of the prepared 

complexes, their weights, proportion and colour of the resulting complex. 

 

 

Scheme 2: Preparation of metal complexes 

Solubility of the prepared metal complexesThe solubility of the prepared ligand and complexes 

was tested in various solvents and it was observed that most of them were soluble in THF (DMSO) 

and insoluble in ethyl acetate, water and cyclohexane as shown in Table 2. 

 

 

 

NO    Metal salt Wight(g)       Complex        Color Yiel

d 

M.P.℃  

 

1 CdCl2.H2O 0.402 [Cd2(L2)2Cl4] White 89% 198-199 

    2   CoCl2.6H2O 0.474 [Co2(L2)2Cl4] Dark blue 55% 206-209 

    3               CrCl3.6H2O 0.532 [Cr2(L2)2Cl4] Cl2 Green 61% 196-199 

    4 CuCl2.2H2O 0.340 [Cu2(L2)2Cl4] White 66% 250-253 

    5 FeCl3.6H2O 0.324 [Fe2(L2)2Cl4] Cl2 Acrylic yellow 44% 200-204 

    6 MnCl2.4H2O 0.394 [Mn2(L2)2Cl4] Light yellow 43% 210-214 

    7 NiCl2.6H2O 0.474 [Ni2(L2)2Cl4] Green squar 58% 200-203 

    8 ZnCl2 0.272 [Zn2(L2)2Cl4] Yellow to 

brown 

79% 198-201 
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Table 2: Solubility test of ligand and its solvents 

 

(+) Soluble) (-) in Soluble) (÷) Sparingly Soluble) 

3. Results and discussion. 

Infrared spectroscopy (IR):  

 The prepared ligand was characterised by the appearance of stretching vibration absorption bands for 

the C=N group at the frequency of 1614 cm-1 of the ligand. [13,14] as well as the C=S group, which 

is located at the frequency of 1083 cm-1.  This indicates the presence of a thio group within the ligand 

[15,16]. Where the appearance of beams for the effective groups in the ligand structure is evidence of 

its composition and the correctness of its diagnosis and analogy for the rest of the prepared 

complexes as shown in table 3, where the absorption bands appeared the absorption of the vibration 

of the elongation of the group C=N whose frequencies appeared within the range of 1624 - 1609 cm-1 

for ligand and complexes together. [17,18] as well as the NH2-NH group, respectively, which showed 

frequencies in the range 3996 - 33331 cm-1. [19] as well as the C=S group, which indicates the 

presence of a thio group within the ligand in the range of 1080-1116 cm-1. [20] and absorption bands 

of the (N - M) group, which showed frequencies within 704 - 538 cm-1, which confirms the binding 

of ligand by these atoms to the metal and the occurrence of coordination. [21] Also, the appearance 

of absorption bands for the M-Cl group, which showed frequencies within the range 503 – 447 cm-1, 

which indicates that the ligand is coordinated with the metal. 

Table 3:  shows the FT-IR absorption band values for ligand and complexes 

NO Complexes v-NH  NH2 C=N C=S M-N M-Cl 

1  L2 3381 

  Sh 

3275  

   sh 

1614 

   sh 

1083 

  sh 

---- ----- 

NO     Complexes C2H5

OH 

C6H12 C4H8

O2 

CH3O

H 

DMS

O 

H2O DMF THF 

1 L2 + - - + + - + + 

2 C20H36Cr2N8S4Cl4 - - - - + - - + 

3 C20H36Mn2N8S4Cl4 - - - - + - + + 

4 C20H36Fe2N8S4Cl4 - - - - + - - + 

5 C20H36Co2N8S4Cl4 - - - + + - + + 

6 C20H36Ni2N8S4Cl4 - - - - + - - + 

7 C20H36Cu2N8S4Cl4 - - - - + - - + 

8 C20H36Zn2N8S4Cl4 - - - + + - - + 

9 C20H36Cd2N8S4Cl4 - - - + + - + + 
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2  C20H36Cr2N8S4Cl6 3385 

   S 

3300  

   s 

1616  

 s- sh 

1085 

  sh 

704 

 s 

472 

 s 

3  C20H36Mn2N8S4Cl4 3381 

m-sh 

3277  

 m-sh 

1612  

    s 

1080  

m-sh 

624 

m-sh 

447  

w 

4  C20H36Fe2N8S4Cl6 3996  

   W 

3442  

   w 

1617                

w 

1085 

   w 

603  

  w 

464 

  s 

5  C20H36Co2N8S4Cl4 3388 

  Sh 

3296 

   sh 

1624 

  sh 

1085  

   s 

559  

sh 

503  

  s 

6  C20H36Ni2N8S4Cl4 3383  

  Sh 

3294 

  s-sh 

1618 

m-sh 

1088 

    s 

542  

sh 

482  

  w 

7  C20H36Cu2N8S4Cl4 3331  

   W 

3290 

   s 

1609 

m-sh 

1085 

    s 

601  

sh 

476  

  sh 

8  C20H36Zn2N8S4Cl4 3371  

   Sh 

3286                   

sh 

1622 

  s-w 

1087 

   sh 

560  

 sh 

480  

   s 

9  C20H36Cd2N8S4Cl4 3388  

   Sh 

3248 

  sh 

1618 

   sh 

1088 

sh 

538 

 sh 

S 

S=Small , Sh=sharb,  W=weak , B=broad,  m=middle 

Ultra violet - visible spectroscopy of dimedon and prepared ligands 

The UV-visible spectrum of dimedon showed a broad absorption peak at a certain wavelength. A 

broad absorption peak at a wavelength of (271) nm , (36900cm-1) is indicative of the π→π* electronic 

transition. The prepared ligand also has an absorption peak at (267) nm,  (37453 cm-1)which is due to 

the π→π* electronic transition. ] 23,24]. It was also measured for the prepared complexes] and gave 

the results shown in Table (4) 

Chromium complex [Cr2(L2)2Cl4]Cl2 

The UV-visible spectrum showed absorption peaks at 891nm (11223 cm-1) due to the 4A2gf→4T2gf  

d-d electron transfer, at( 726) nm  (13774 cm-1) due to the 4A2g→4T1gp electron transfer, at 629nm 

(15898 cm-1) due to the 4A1g→4T1gG electron transfer, and at 629nm (15898 cm-1) due to the 

4A1g→4T1gG electron transfer, as well as at (629)nm (15898 cm-1), as well as absorption peaks at 

(542) nm (18450 cm-1) for the LCT→M transition, absorption peaks at (396) nm (2552 cm-1) for the 

n→π* transition, and at (263)nm (38022 cm-1) for the π→π* transition. This is consistent with the 

octahedral geometry of chromium complexes. [25] 
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Manganese [Mn2(L2)2Cl4] 

Absorption peaks appeared at a wavelength of (882)nm, (1337cm-1) due to the  6A1g→ 4T2g 

electronic transition, as well as at (702) nm, (11210 cm-1) due to the  6A1g→ 4T2g electronic 

transition, and (702) nm (11210 cm-1) due to the  6A1g→ 4T2g electronic transition.  As well as at 

(542) nm , (18450 cm-1) (6A1g→ 4A1g,  4Eg)  and (410)nm, (24390 cm-1) (n→π*,  LCT →M) as 

well as at (266) nm, (37593 cm-1) which is due to the π→π* transition. This is consistent with the 

octahedral geometry [26] 

Iron complex [Fe2(L2)2Cl4]Cl2 

The UV-visible spectrum showed absorption peaks at (670) nm, (14925 cm-1) due to the  6A1g→ 

4T2gG electronic transition as well as at (470) nm, (21276 cm-1) due to the 6A1g→ 4A1g 

4EgG,electronic transition and at (266) nm, (37593 cm-1) due to the n→π* transition. As well as at 

(236) nm, (42372 cm-1) which is due to the π→π* transition. This is consistent with the octahedral 

geometry [27]. 

Cobalt complex [Co2(L2)2Cl4] 

Absorption peaks appeared at wavelength (681) nm, (14684 cm-1) due to the 4A2gf→4T1gf transition, 

as well as at (542) nm, (18450 cm-1) due to the 4T1gf→4T1gp transition, and at (371) nm (26954 cm-

1) due to the n→π*, LCT→M transition, as well as at (371) nm, (26954 cm-1) due to the n→π*, 

LCT→M transition. As well as at (268) nm, (37313 cm-1) which is due to the π→π* electronic 

transition. This is consistent with the octahedral geometry. [28] 

Nickel complex [Ni2(L2)2Cl4] 

Absorption peaks appeared at wavelength (880) nm, (11363 cm-1) due to the  3A2gf→ 3T2gf electron 

transition. As well as at (851) nm, (11750 cm-1), which is due to the  3A2gf→ 3T1gf electron 

transition. Also at (812)nm, (12315 cm-1) which is due to the  3A2gf→ 3T1gp transition and at 

(745)nm, (13422 cm-1) which is due to the  3A1g→ 3T1gG transition. Also at (375)nm, (266666 cm-1) 

which is due to the n→π*, LCT→M transition as well as at (281) nm, (235578cm-1) which is due to 

the π→π* transition, this is consistent with the octahedral geometry. [29] 

Copper complex [Cu2(L2)2Cl4] 

 Absorption peaks appeared at (883)nm,(11325 cm-1) which is due to the  2Eg→ 2T2g electronic 

transition as well as at (822)nm, (12165 cm-1) which is due to the  2Eg→ 2T1g electronic transition. 

As well as (542)nm, (18450 cm-1) (Intra - ligand) and (265) nm, (37735 cm-1) (n→π*). As well as at 

(225) nm, (44444 cm-1), which belongs to the π→π* electronic transition. This is consistent with the 

deformed octahedral geometry of the copper complex. [22] 

Zinc complex [Zn2(L2)2Cl4] 

Two absorption peaks appeared at (263)nm, (25575cm-1) (391nm) (38022cm-1) which are due to the 

intra-electronic transition. No peak appeared after (391)nm because the orbital (d) in Zn is saturated 

3d10 , so an octahedral shape of the Zn complex was proposed based on elemental analysis and molar 

conductivity. Measurement of metal content and measurement of chlorine content. 30]]  
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 5.8 Cadmium complex. [Cd2(L2)2Cl4] 

 Two absorption peaks appeared at a wavelength of (542)nm, (1845 cm-1), which is due to the intra-

ligand transition. As well as an absorption peak at (291)nm,(34129 cm-1) which is due to the Intra - 

ligand transition as well. No absorption peak appeared after wavelength (542) nm. Because orbital d 

is cadmium filled (3d10), an octahedral shape for the cadmium complex was proposed based on 

elemental microanalysis, molar conductivity, metallometry, and chlorine content measurements. This 

is consistent with the octahedral geometry. as published in the literature [31]. 

Table (4) shows the UV spectral data of the prepared ligand and complexes 

NO Compound ʎmax Abs 𝜸𝒄𝒎-1 Emax 

Mol-

1cm-1 

Electronic 

Transition type 

Shape 

1  Dimedon 271  36900 3311 𝜋 → 𝜋 ∗  

2  C20H36Cr2N8S4Cl6 891 

726 

629 

542 

396 

263 

0.031 

0.025 

0.020 

0.020 

0.253 

1.315 

11223 

13773 

15898 

18450 

25252 

38022 

31 

25 

200 

200 

2530 

1315 

4A2gf→4T2gf 

4A2gf→4T1gp 

4A2g→4T1gG 

M→LCT 

𝑛 → 𝜋 ∗ 

𝜋 → 𝜋 ∗ 

Octaheadral 

3  C20H36Mn2N8S4Cl4 882 

702 

542 

410 

266 

0.010 

0.030 

0.030 

2.167 

0.171 

1137 

11210 

18450 

24390 

37593 

10 

30 

30 

2167 

7710 

6A1g→4T1g 

6A1g→4T2g 

6A1g→4A1g ,4Eg 

M→LCT 

𝜋 → 𝜋 ∗ 

Octaheadral 

4  C20H36Fe2N8S4Cl6 670 

470 

266 

236 

0.030 

0.021 

2.402 

0.319 

14925 

21276 

37593 

42372 

30 

210 

2402 

3190 

6A1g→4T2gG 

6A1g→4A1g,E4.gG 

𝑛 → 𝜋 ∗ 

𝜋 → 𝜋 ∗ 

Octaheadral 

5  C20H36Co2N8S4Cl4 681 

542 

371 

268 

0.020 

0.007 

0.372 

1.492 

14684 

18450 

26954 

37313 

20 

70 

3720 

1492 

4T1gf→4A2gf 

4T1gf→4T1gp 

M →LCT,𝑛 →

𝜋 → 𝜋 ∗ 

Octaheadral 
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6  C20H36Ni2N8S4Cl4 880 

851 

812 

745 

35 

281 

0.037 

0.050 

0.060 

0.070 

0.020 

0.644 

11363 

11750 

12315 

13422 

26666 

35587 

370 

50 

60 

70 

200 

6440 

3A2gf→3T2gf 

3A2gf→3T1gf 

3A2g→3T1g 

3A1g→3T1gG 

M →LCT,𝑛 →

 𝜋 → 𝜋 ∗  

Octaheadral 

7  C20H36Cu2N8S4Cl4 883 

822 

542 

265 

225 

0.017 

0.016 

0.030 

1.610 

0.244 

11325 

12165 

18450 

37735 

44444 

170 

160 

300 

1610 

2440 

2Eg→2T2g 

2Eg→2T1g 

Intra-Ligand 

𝑛 → 𝜋 ∗ 

𝜋 → 𝜋 ∗ 

Octaheadral 

8  C20H36Zn2N8S4Cl4 391 

263 

0.318 

2.201 

25575 

38022 

3180 

2201 

Intra-Ligand 

Intra-Ligand 

Octaheadral 

9  C20H36Cd2N8S4Cl4 542 

293 

0.069 

1.449 

18450 

34129 

6 

1449 

Intra-Ligand 

Intra-Ligand 

Octaheadral 

6. Elemental Analysis  

The results of these analyses were listed in Table (5), and the values obtained in practice were 

compared with those calculated theoretically, showing clearly the degree of convergence between 

them. This proves the validity of the elemental ratios in the complexes [32]. 

Table (5) Quantitative analysis of the elements of complexes. 

Compound  C% H% N% Cl% M% S% 

C20H36Cr2N8S4Cl6 Practical 29.67 5.43 14.55 17.74 12.41 15.33 

Theory 31.62 4.74 14.75 18.44 13.57 16.86 

C20H36Mn2N8S4Cl4 Practical 29.66 3.97 14.87 17.08 19.09 14.09 

Theory 28.95 4.34 13.51 16.88 20.86 15.44 

C20H36Fe2N8S4Cl6 Practical 29.75 3.97 14.08 17.99 14.08 15.99 

Theory 31.03 4.69 14.62 18.27 14.36 16.71 

C20H36Co2N8S4Cl4 Practical 29.22 3.87 14.33 17.91 14.88 15.99 

Theory 31.03 4.65 14.48 18.11 15.13 16.55 

C20H36Ni2N8S4Cl4 Practical 29.33 5.42 13.94 16.94 14.83 15.32 
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Theory 31.08 4.66 14.50 18.13 15.02 16.58 

C20H36Cu2N8S4Cl4 Practical 31.27 3.67 15.67 17.66 15.29 16.03 

Theory 30.69 4.60 14.32 17.90 16.11 16.36 

C20H36Zn2N8S4Cl4 Practical 29.73 4.69 15.39 17.67 16.01 16.90 

Theory 30.53 4.58 14.23 17.81 16.53 16.28 

C20H36Cd2N8O4Cl4 Practical 28.49 4.67 13.55 15.67 24.97 15.88 

Theory 27.27 4.09 12.72 15.90 25.45 14.54 

4.Magnetic sensitivity:  

Magnetic measurements have been used in the characterization and study of transition metal 

complexes, as well as the calculation of the correction factor value to correct the magnetic 

susceptibility values [33,34,35]. From the results in Table (6), all measured complexes were 

octahedral in shape. 

Table (6) Results of magnetic measurements of complexes 

NO Complexes Magnetic moment is 

effective Practically 

(B.M μeff) 

Expected 

shape 

Hybridization 

1  C20H36Cr2N8S4Cl6 6.85 Octaheadral SP3d2 

2  C20H36Mn2N8S4Cl4 7.88 Octaheadral SP3d2 

3  C20H36Fe2N8S4Cl6 5.705 Octaheadral SP3d2 

4  C20H36Co2N8S4Cl4 4.66 Octaheadral SP3d2 

5  C20H36Ni2N8S4Cl4 2.95 Octaheadral SP3d2 

6  C20H36Cu2N8S4Cl4 2.18 Octaheadral SP3d2 

7  C20H36Zn2N8S4Cl4 Dia Megnatic Octaheadral SP3d2 

8  C20H36Cd2N8S4Cl4 Dia Megnatic Octaheadral SP3d2 

7. Molar Conductivity Measurement  

 It was found from the measured electrical conductivity values of the prepared complexes. All the 

prepared complexes were found to be non-electrolytic except for Fe and Cr complexes which were 

found to be electrolytic [36,37,38]. As shown in Table (7) 

 

 

Table (7) Molar electrical conductivity values for  Compounds 
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No Compounds Ʌm (S.cm2.Mol-1) 

1.  C20H36Cr2N8S4Cl6 44 

2.  C20H36Mn2N8S4Cl4 20 

3.  C20H36Fe2N8S4Cl6 48 

4.  C20H36Co2N8S4Cl4 11 

5.  C20H36Ni2N8S4Cl4 21 

6.  C20H36Cu2N8S4Cl4 19 

7.  C20H36Zn2N8S4Cl4 9 

8.  C20H36Cd2N8S4Cl4 17 

 

8.Proposed shapes of the complexes   

The shapes of the nodes were suggested by the results obtained 

    Table (8) Proposed shapes of the complexes 

 

M(II) =Co, Zn, Cu, Cd, Ni, Mn M(III)=Fe, Cr 

 

9.Antimicrobial study of metal complexes. 

In this research, four types of bacteria were used, two of which are positively sensitive to chromium 

dye (Staphylococcus aureus.), Bacillus inhibition, and two of the other bacteria are negatively 

sensitive to chromium dye (E.Coli  ) inhibition, where the antimicrobial test was carried out in vitro 

for metal complexes is zinc cobalt. [39-41] 

The following was concluded: Prepared complexes cadmium and iron showed clear inhibition against 

gram-negative and gram-positive bacteria of four species, although bacillus and staphylococcus 

bacteria are characterized by resistance to antibiotics and also because they contain genetic factors of 

resistance and the effectiveness of solutions of these compounds is attributed to the ability to dissolve 
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the outer cell wall, which leads to the exudation of the fluids of this cell and its death, so compounds 

that affect the cell wall are among the most selective agents with a very effective therapeutic index. 

Due to the difference in structure between the cell wall of the host and microbial cells [41,42]. 

Table (9) Inhibition values of the prepared complexes against Gram-negative and Gram-positive 

bacteria 

No Sample Mg\ml Gramposative Gramnegative 

Staphy 

zone(cm) 

Bacillus 

zone(cm) 

Spuedo 

zone(cm) 

E.coli 

zone(cm) 

1.  C20H36Fe2N8S4Cl6 0.5 1 1.1 1.4 1.2 

2.  C20H36Cd2N8S4Cl4 0.25 5.5 4 3 3.9 

 

  

[Cd2(L2)2Cl4]            

[Fe2(L2)2Cl4]Cl2 

 

[Cd2(L2)2Cl4]           

[Fe2(L2)2Cl4]Cl2 

[Cd2(L2)2Cl4]          

  [Fe2(L2)2Cl4]Cl2 

     [Cd2(L2)2Cl4]         

   [Fe2(L2)2Cl4]Cl2 

Figure (1) Inhibition zones of group I and II complexes against bacteria (Bacillus, Spuedo, E.coli, 

Staphylococcus) 

Antioxidant activity of complexes  

Inhibition of metal complexes was measured  Mn(II), Cr(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II).            

They were evaluated against reactive oxygen species using (II)Cd radical (DPPH) scavenging. This 

combination contributes to changing the color of DPPH from purple to yellow. This is due to the 

transfer of hydrogen from the complex to the DPPH molecule. The color shift was detected by UV- 

spectrophotometer at 517nm in the following order:   FeL2>MnL2>ZnL2>CoL2>CdL2>CuL2.  As 

shown in the following chart, the inhibition of complexes towards reactive oxygen species is 

measured at (30 minutes) where (MnL2, FeL2) shows higher antioxidant activity [43]. 
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Table (9) Antioxidant activity values 

Compound Concentration  PI% RSA% IC50 mg/Ml 

[Co2(L2)2Cl4] 0.066 

0.033 

0.015 

0.008 

11.63 

38.72 

62.78 

80.33 

88.37 

61.28 

37.22 

19.67 

0.031 

[Cu2(L2)2Cl4] 0.068 

0.034 

0.017 

0.009 

32.36 

65.09 

82.62 

90.72 

67.64 

34.91 

17.38 

9.28 

0.013 

[Cd2(L2)2Cl4] 0.056 

0.028 

0.014 

0.007 

33.39 

66.19 

83.11 

91.06 

66.61 

33.81 

16.89 

8.94 

0.019 

[Zn2(L2)2Cl4] 0.050 

0.025 

0.012 

0.006 

8.95 

23.49 

42.49 

72.45 

91.05 

76.51 

57.51 

27.55 

0.045 

[Mn2(L2)2Cl4] 0.048 

0.024 

0.012 

0.006 

19.45 

29.36 

38.48 

50.38 

80.55 

70.64 

61.52 

49.62 

0.053 

[Fe2(L2)2Cl4]Cl2 0.040 

0.020 

0.010 

0.005 

29.47 

40.12 

49.76 

61.03 

70.53 

59.88 

50.24 

38.97 

0.064 
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Chart (1) shows the difference between the IC50         Scheme (2) Inhibition efficacy of the complex 

[Co2(L2)2Cl4] 

values of the complexes 

 

      

Scheme (3) Inhibition efficacy of the complexes            Scheme (4) Inhibition efficacy of the 

complex [Cd2(L2)2Cl4] 

 [Cu2(L2)2Cl4] 

        

  Scheme (5) Inhibition efficacy of the complex       Scheme (6) Effectiveness of complex inhibition 

[Mn2(L2)2Cl4] 

[Zn2(L2)2Cl4] 
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Scheme (7) Effectiveness of complex inhibition  [Fe2(L1)2Cl4] 

 

Scheme (8) shows the conversion of purple DPPH to the corresponding hydrazine (yellow) by adding 

a metal complex to DPPH due to proton transfer  

3. Conclusion  

The molecular structures of the prepared ligands have been established. All the molecular structures 

of the prepared complexes were stabilized. The theoretical study was fairly close to the practical 

results. Prepared complexes showed clear antibacterial activity. Prepared complexes showed 

antioxidant activity. Infrared spectra showed new bands indicating the correctness of the method used 

to prepare the complexes. Prepared complexes showed absorption bands (C=N) different from their 

location in the ligand, which is evidence that the reaction occurred. The complexes showed different 

(M-N) absorption bands, indicating that the metal ion is bonded to the ligand through the electron 

pair of the nitrogen atom. The UV spectra also showed the d-d absorption section of the complexes, 

which helped to determine the final complex shape. The complexes showed Mn, Co, Fe electron 

transitions with LL attributed to the octahedral shape and the other part of the group showed Cu, Zn, 

Cd electron transitions attributed to the octahedral . 

Reference 

[1] A Geffrey  Lowrance'' INTRODUCTION TO COORDINATION CHEMISTRY''. University of New Castle Callaghan, 

NSW, Australia.p14 2001. 

[2] AA Hammad , Al-Obaidi OH, Khalid F. Preparation and characterization of mixed complexes for some transitional 

elements of the flavonoid ligand. Biochem. Cell Arch 22(1); 2022, 171-175. 

[3] R.T Myers, "Rules for coordination number of metal Ions" J. Chem Educ, vol 58- no 9.p.681, 1981. 

0
10
20
30
40
50
60
70
80
90

0 0.01 0.02 0.03 0.04 0.05

R
SA

%



741 | P a g 

e 

Preparation and characterization of Schiff base ligand complexes (Dimedone with Thiourea). 

SEEJPH 2024 Posted: 12-07-2024 

  

 

[4] Y.N.vashisht Gopal and A.K. Kondapi,'' Topoiso merase Ii poisoning by indaZol and Imidazole Complexes of 

ruthenium'' J. Bio sai, vol 26 No 2,PP 271-276, 2001, dio:10.1007/B FO 2703651. 

[5] D.p. Singh et al." Trivalent tram Sition metal Complex derived from Curbohydrazide and dimelon". vol. 10, no 

51795_s18o1 p. 2. 2017. A. J. of chem  

[6] L. Feng Li, C wen. W Yon-sheng. Y Tuan-Li, and Fr. shen Yang. "preconcentration and separation of trace pd II and pt 

pyridylazo" resorcinol, Chinese J. Chem vol 18. No 4.pp 537.541. 2000 

[7] S M Loteef . Awad. MA. Hameed HIMA" Synthesis and spectral study of mono-Ligand Complexes For acriflavine with 

Some metalions and evaluation. their anti bacterial activity" Journal of Global Pharma Technology, to, 2018: 455-461 

[8] D F Shriver , Atkins pw. In organic Chemistry 3rded, oxford University Press, 2001 

[9] R.H. Crabtree" The organo metalic Chemistry of the Transition Metals: Sixth Edition, organomet Chem. Transit. Met 

Sixth Ed, vol 978 1 1 1 8 138,pp-1-504, 2014. doi: 10.1002/ 97 8 1 1 1 8 788301. 

[10] L. Fengli, C wen W yon, Sheng, Y. Tuan Li and shen Yang "preconcentration and sepration of trace pd(II) and pt (Iv) 

with Silica, gel bonded by amino propyl benzoylazo-4-(2-pyridyla tot) resorcinol, Chinese, J. Chem.vol 18, no. 4. pp.537 

541, 2000. 

[11] A.D. phillips, L. Gon Salvia A. Romerosa, Fivizza , and Mpercuzzini, "coordination chemistry of 1,3,5-tri aza-7-

phospheadamantane (PTA): • Transition metal Complexes and related catalytic medicinal and photoluminesencend 

applications, Coord-chem-Rev, vol 248, no 11-12, pp.955-993, 2004. 

[12] A-Salima . Benguzzi "synthesis and character, Zation of Some Transition Metals Complex of Schif Base Derived Frome 

Benzidine and. Acetyl acetone", J. of Science and its Applications vol2, No.1 pp. 83-90 March 2008 

[13] RL. Shriner and 11-12 Tool (1935),5,5- di Methyl-1,3-cyclo hexane dione organic Synthesis 15-16  

[14] N, yas, and et al, "Synthesis and character- i Zation of novel Ng (15) Complexes with new Schiff bases materials Today: 

proccedings, PP-C1-7), 2022 

[15] X. Tai , Wang H, Sun X. Tan M. Synthesis and spectral characterization of methyl-2-pyridyl ketone benzoyl hydrazone 

and its complexes with rare earth nitrates. Spectro. Lett. 38; 2005: 497-504. 

[16] B.Ravi . and et al, Optical and Conductivity. analysis of thic Urea single crystal, Rasayan]. chem. 7(3), 2014: 287-294- 

[17] S-M-H-obaid A:J. Jarad, Synthesis - Chara- ctrization and biological activity of mixed ligand metal Sa Sults Complexes 

with various ligands. (2020), p12028. 

[18] J.S.M. Redu and A-A.S. Al-Hamdani, "M(II), Fe(II), Co(II)and Rh (IIl) Complexes with azo ligand: Synthesis Characteri 

Zation, thermal analysis and bio activity, Baghdad Sci. J, 2022 

[19] M.J. Kareem A-A-S. Al-Hamadani, and etal "Synthesis characterization, and determination. anti oxidant activities for 

new Schiff base Complexes derived from 2-(1H-indol-3-y12 ethylamine and metal ion Complexes "J-Mal-Stracts 

Vol.1231, p. 129669, 2021. 

[20] N.Raman , Sobha S. Exploring the DNA binding mode of transition metal based biologically active compounds. Acta 

Part A Mol. Biomol. Spectroscopy. 85(1); 2012: 223-234. 

[21] X.Tai , Wang H, Sun X. Tan M. Synthesis and spectral characterization of methyl-2-pyridyl ketone benzoyl hydrazone 

and its complexes with rare earth nitrates. Spectro. Lett. 38; 2005: 497-504. 

[22] BRavi . and et al, Optical and Conductivity. analysis of thic Urea single crystal, Rasayan]. chem. 7(3), 2014: 287-294- 

[23] S-M-1 obaid A:J-Jarad "Synthesis characterization • and biological activity of mixed ligand metal salts. Complexes with 

various ligands, (2020), p12028. 

[24] B.M. Mistry. A Hand book of spectroscopic data "Edition 2009, oxford book Compa chemistry, ny Jaipor India, Mehra 

offset printers, Dalhi, (2009), pp.11-22. 

[25] J-K.S.patel, J.c. patel, and H.R. Dholariya, "Synthesis of cu cu), Nilll), Co(11) and Mn (41) Complexes with 

Ciprofloxacin and Their Evaluation of Antimicrobial, Anti oxidant and Anti-Tubercular Activity, Open Journal of metal. 

2 (2012), pp. 49-59 

A. A. S. Al-Hamadani, A.j. Jarad, and S. A.Al- Atrakchi, "Synthesis and spectral Analysis of Vo (11), cx (110), Zn(i), (d(u), 



742 | P a g 

e 

Preparation and characterization of Schiff base ligand complexes (Dimedone with Thiourea). 

SEEJPH 2024 Posted: 12-07-2024 

  

 

Hg (11), and (400 Complexes with mixed ligand Bi pyridyl and novel. schiff base, Siala J, Vol. 36, pp.1-14, 2009. 

[26] S-A-shaker, H.A Mohammed, and A.A.S. Al Hamdani prepartion physico-Chemical and spectroscopic investigation of 

thia ceta Zone and quinalizarin Complexes with Mn (11), Fe (11), Co(11), Ni (11), Cu(11), Zn(11), cd cul, and pbcil," 

Aus. J. Basic. Aprisci, vol. 4, No. 10, pp. 51785183, 2010. 

[27] M.A.Ali A-H. Mirza. C.Y. yee, H. Rahgeni, and p.v. Ber hardt," Mixed-ligand ternary Complexes of potentially penta 

dentate but functionally tridentate Schiff base Chelates, polyhedron, 30(2011), pp. 542-548- 

[28] Yanting Zhang, and et al," Simultan ously Efficient Solar Light Harvesting and charge Trans fer of Hollow octa headral 

cusieds-p- In Hetero structures for Remar Kable photo. Catalytic Hydrogen Generation" Transaction of Tianjin 

University (2021) 27:pp-348-3575 doi.org/10.1007/512209-021-00291-20 

[29] A.A Mohammed . Al Daher AGM, Mohammad HA, Synthesis and characterization of polydentate Macrocyclic Schiff 

bases (14-membered) atoms. and their Complexes with cocid, Ni(11), Cu(11) and Zn (1), Ions"" Research J. of chemical 

Sciences 5(7); (2015). pp. (12-19)- 

[30] J Devis and N.Btra, Synthesis. characterization and anti microbial activites of mixed ligand transition metal Complexes 

with isatin manohy draz one. shiff base ligands and heterocyclic nitrogen base, spectro Chimica. Actu part A: Molecular 

and Bio molecular spectroscopy, 135 (2015), pp. (770-719.). 

[31] P.F.Rapheal . Manoj E, and prothapa chandra M.R, "Synthesis and EPR spectral Studies of un (11) Complexes Derived 

From pyridine-2-Carbeldehyde Based Neu)- Sub stituted Thio semi carbazones: crystal structure of one Complexes, J. 

Indian chem, poly hydrang 2007, 26, 5088-5094. 

[32] M.B. Hallizand R-s. Malipatil, Synthesis characteri @ Zation and spectral Studies of metal cucul, Comple derived From 

Benzo Furan-2- Carbohydrazide xes, and 2-Acetyl thiophene Schiff Base," Derpharma- Chemica, 3(2011), pp. 146-157- 

[33] A.L. Abuhigleh, C. woods, and I.Y.Ahmed, "Synthesis and Molecular structure of mono- meric Copper (11) Acetates 

with 2-Methylimidazol and 1,2-Dimethylimidazole," Inorganica chimica Acta, 190, 1991, pp (11-17 

[34] A.S.Batsanov , and et al: Transition metal di carbollide Complexes: Synthesis, Molecular, crystal and electronic 

structures of MC2 Bq H 11)3] Mubor Ta) and their insertion reactions with caz and CS2. Dalten Tran's, J. Chem. Soc 21, 

19997 3867-3875. 

[35] Gatteschi, and etal, Magnetic Molecular Magnetic materials, vol 198, Springers Lience and Business Media, 2012. 

[36] T. Rosu, and etal. Some an Containing an on donor Schiff base; Syathesis, characterization and anti bacterial activity: 

polyhadone , vol. 30, no.1, pp. 154-162, 2011. 

[37] R. Buchanan, and J. Ma shutas I chem Soc 111(1989), pp. 4497-4505. 

[38] J.V Quagliano, and et al, The doner properties of pyridine N-oxide, J. Am. Chem. Soc. Vol 83, no.18, pp. 3770-3773, 

1961 

[39] M .Bissong . E. As and Atebu.C.N. Gendy pic and phenotypic Evaluation of Biofilm production and Anti microbial 

Resistance. in Staphylococcus aureus Isolated From milk, North west province, South Africa Antibiotics, 9(4), 156, 

(2020). 

[40] T.H. Mgheer, and et al, Bio-chemical study and preparation of Some new mixed ligand Complexes with novel (Azo) 

Ligand Derived from 5-Methyl" vol.13, no.7, pp. 7135-7146, 2022, doi: 10-47750/ pnr. 2.22. 13.507.861. 

[41] W. Al Zoubi, and et al Anew azo Schiff f base: Synthesis characteri Zation. biological activi fand theoretical Studies of 

its Complars Appl. organomet. Chem, vol. 32, no.1, pp.1-15, 2018, do: 10.1002/a0C-3895. 

[42] J .Khalid .Al-adilee , Khamis A. and Zainab M.Al-ahamdiny , Asian J.Chem . 2013 ,25(18),10475-10581. 


