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ABSTRACT 
New synthesized series of mixed ligand complex prepared for Co (II), Ni (II), Cu (II), Cd (II), and Hg (II) ions, with azo compound 
derived from 4-methylimidazole as a primary ligand (TBPAM) , and ethylene diamine as a secondary ligand. Mass , 1HNMR, 
C.H.N, Uv-Vis, FT-IR, Atomic Absorption, Molar Conductivity, and Magnetic Susceptibility techniques were used to characterize 
the complexes, the results were indicated the octahedral geometry with a general formula [M(TBPAM)(en) Cl2] for all 
complexes, where  primary and secondary ligands behaved as a bidentate, finally a noticeable  bacterial inhibition of the 
complexes and primary ligand at a concentration (100mg/ml) was appeared against complexes against Klebsiella, 
P.aeruginosa, and S. aureus  bacteria 
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INTRODUCTION 
In the recent years, the researchers interesting focus on 
preparation and characterization of mix ligand complexes with 
different transition metal ions in different oxidation state which 
have more than one coordination position and have multiple types 
of ligands [1,2], which effects on the stability of the prepared 
compounds and exploiting their properties in various applications 
especially the antibacterial activity [3–6].          
 Azo imidazole compounds are a common type of ligands 
that exhibit multiple coordination behaviours depending on the 
location and type of substitution groups [7,8]. It is an efficient π - 
acid system, thus these organic compounds are employed as 
ligands to build stable complexes with low oxidation states of metal 
ions [9].  
 This study aimed to synthesis and characterize new mixed 
ligand complexes for a series of divalent transition ions using a 
primary azo imidazole ligand, and ethylene diamine as a 
secondary ligand, then investigation their bacterial inhibition 
against Klebsiella, P.aeruginosa , and S. aureus  bacteria.  
Chemicals and Instruments: All of the chemical compounds 
which used in this study were provided by Himedia, Thomas 
Baker, and Merck companies with high purity. 

 Mass spectrum recorded using mass analyzer model  AB 
SCIEX (3200) , the electronic spectra carried out by Shimadzu Uv-
1650 spectrophotometer, and FT-IR spectra performed by 
Shimadzu FT-IR8400s in the region between  (400-4000) cm-1 , 
The element analysis  was measured by  Costech ECS Elemental 
4010 ,  and  the values of  Molar conductivity measured by  
720(WTW) , 1HNMR spectra  in the DMSO-d6 solvent carried out 
by Bruker Avance-111 300 MHz NMR. 
Preparation of Primary ligand (TBPAM): (TBPAM) Primary 
ligand was prepared by coupling reaction between diazonium salt 
(4-tetra-butyl aniline) and alcoholic solution of 4-methyl imidazole 
in the ice bath at a temperature between (0-5) oC [10] the ligand 
was filtered and dried after neutralized the solution with diluted HCl 
and recrystallized from ethanol as shown in Scheme  (1): 
 

 
Scheme 1: Reaction path for preparation of (TBPAM) Primary ligand. 

 

 
Table 1: Some of physico-chemical properties of mixed ligand complexes of (TBPAM) and (en) 

Compound Molecular Formula) M.wt. M.P. Color % pro. Element analysis Calculated Found 

C H N M 

[Co (TBPAM) (en) Cl2] 
C16H26Cl2N6 Co 

432.26 142-144 Brown 78 44.46 
44.47 

6.06 
6.04 

19.44 
20.26 

13.63 
13.67 

[Ni (TBPAM) (en) Cl2] 
C16H26Cl2N6 Ni 

432.02 138-140 Brown 75 44.48 
44.50 

6.07 
6.09 

19.45 
19.42 

13.59 
13.60 

[Cu (TBPAM) (en) Cl2] 
C16H26Cl2N6 Cu 

436.87 150-152 Brown 82 43.99 
44.01 

6.00 
5.98 

19.24 
19.27 

14.55 
14.54 

[Zn (TBPAM) (en) Cl2] 
C16H26Cl2N6 Zn 

438.71 147-150 Red 76 43.81 
43.85 

5.97 
5.93 

19.16 
19.14 

14.90 
14.93 

[Hg (TBPAM) (en) Cl2] 
C16H26Cl2N6 Hg 

573.92 163-165 Deep red 84 33.49 
33.51 

4.57 
4.55 

14.64 
14.63 

34.95 
----- 
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Preparation of Solid mix ligand complexes: The solid 
complexes were prepared at mole ratio (1:1:1) [M: (TBPAM): (en)] 
by mixing (1mmole, 0.242 gm) of (TBPAM) ligand with (1 mmole, 
0.0631 ml) of ethylene diamine, and (1 mmole) of each metal ion 
chloride salts. The mixture was dissolved in (20 ml) of ethanol, and 
reflexed for (60) min. with continuous following up of the reaction 
by (TLC), the precipitates were filtered after cooling, dried, and 
recrystallized from ethanol, and  their physicochemical properties 
summarized in the table 1: 
 

 
Figure 1: Mass Spectra of [Cu (TBPAM) (en) Cl2] complex 

 

 
Scheme 2: Suggested Mass fragmentation path of [Cu (TBPAM) (en) Cl2] 
complex 

 
 Mass spectrum of [Cu (TBPAM) (en) Cl2] complex showed a 
fragment  at (m/z) = (436.8) which was supported the molecular 
formula for this complex, The suggested fragmentation path was 
started by losing chloride ions at (m/z)= (401.4) , and (365.9) , the 
Base peak  was appeared  after losing (N2) , and ethylene diamine 

molecules from [C12H18CuN6]
+. fragment at (m/z) = 100%, as 

showed in the figure (1), and scheme (2).  
 1HNMR spectrum of [Hg (TBPAM) (en) Cl2] complex  in 
DMSO-d6 solvent showed a signal (s ,1H,-NH-) of imidazole ring at 
(12.68) ppm [11], while the doublet-doublet signals between (7.53-
7.77) ppm refers to (m, Ar-H) of the aromatic ring [12,13], also the 
signals for the  protons of  a secondary ligand  ethylene diamine 
(en) (m,4H ,-CH2-) appeared at  (2-49-2.89) ppm , as well the 
protons for the methyl groups of  a primary ligand (TBPAM) (s,3H,-
C(imidazole)-CH3) , and (s,9H, -C(CH3)3) exhibited a signals at 
(2.26) , and (1.34) ppm respectively , the proton of imidazole ring 
(H-C=C-) appear at (2.09) ppm, finally the signal of terminal 
protons of ethylene diamine(s,2H,-NH2) manifested at (7.05) ppm 
as shown in figures (2) and (3). 
 

 
Figure 2: 1HNMR spectrum of (TBPAM) primary ligand in DMSO-d6 solvent 

 

 
Figure 3: 1HNMR spectrum of [Hg (TBPAM) (en) Cl2] complex in DMSO-d6 
solvent 

 
 Uv-Vis. spectrum of primary (TBPAM) ligand exhibited two 
peaks at (214) and (268) nm due to (π–π*) of aromatic rings, 
There is no noticeable changes of their positions in the complexes 
spectra, but there is a red shift of (n-π*), and (ILCT) transitions at 
(368, 380) nm respectively in the complexes spectra due to the 
participation of this primary ligand in the coordination, as explained 
in table 2. 

 
Table 2: Types of electronic transitions, values of (μ.eff.), Conductivity measurements, and type of the geometry of Primary (TBPAM) ligand and it’s mixed ligand 
complexes. 

Chemical 
Structure of the compound 

Value of λ max (nm)  Type of transition  Values of Molar Conductivity  
S.Cm2.mole 

μ.eff. (B.M.) Proposed 
Geometry  

Ethanol DMF 

(TBPAM) 214, 268 
368 
380 

π–π* 
n-π* 
ILCT 

------- ------- ------ ------- 

[Co (TBPAM) (en) Cl2] 200, 277 
375 
462 

π–π* 
ILCT 
MLCT 

14.3 12.8 4.73 Octahedral 

[Ni (TBPAM) (en) Cl2] 202, 273 
376 
468 

π–π* 
ILCT 
MLCT 

14.0 12.3 2.81 Octahedral 

[Cu (TBPAM) (en) Cl2] 206, 278 
384 
503 

π–π* 
ILCT 
MLCT 

16.4 13.5 1.72 Distorted 
Octahedral 

[Zn (TBPAM) (en) Cl2] 208, 278 
387 
518 

π–π* 
ILCT 
MLCT 

15.7 12.6 Dia Octahedral 

[Hg (TBPAM) (en) Cl2] 208, 278 
392 
524 

π–π* 
ILCT 
MLCT 

16.2 13.3 Dia Octahedral 
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 FT-IR spectra measurements of purified solid complexes 
revealed a small significant changes in position and intensity for 
v(N-H) of imidazole ring at (3420) cm-  in the primary  (TBPAM) 
ligand , and v(N-H) of amine group in the secondary (en) ligand at 
(3441) ,and (3385) cm- , while there was noticeable shifting to the 
higher frequencies of  v(C=N)  and v(C-N) which belongs to the 
imidazole ring in (TBPAM) ligand at (1577) cm- and       (1374) cm- 
[14,15] due to the participation of (N3) atom in the coordination , 
while the frequencies of v(-N=N-) at (1428) cm- [16,17] has shifted 
to the higher values as a result of coordination through one 
nitrogen atom of azo functional group, also there was observable 
shifting  of v(C-N) of C-C-NH2   and v(C-C-NH2) for 
ethylenediamine at (1403) cm-, and (1567) cm- respectively [18] to 
the lower frequencies as a result of coordination of this secondary 
ligand through nitrogen atom of terminal (-NH2) group, the 
complexes spectra also distinct new peaks between (420 – 437) 
cm-   due to v(M-N) [19–21] frequencies bond  after the 
coordination between both of primary and secondary ligands , as 
shown in the table (3), and figures (4-6). 
 

 
Figure 4:  FT-IR spectrum of [Co (TBPAM) (en) Cl2] complex 

 
Figure 5: FT-IR spectrum of [Cu (TBPAM) (en) Cl2] complex 

 

 
Figure 6: FT-IR  spectrum of [Hg (TBPAM) (en) Cl2] complex 

 
Table 3: FT-IR frequency values (cm-1) for (TBPAM), and (en) ligands and their mixed ligand complexes 

Frequencies TBPAM (en) Co(II) 
Complex 

Ni(II) 
Complex 

Cu(II) 
Complex 

Zn(II) 
Complex 

Hg(II) 
Complex 

v (C=N) of  imidazole 1577 m ---- 1598 m 1595 m 1597 m 1594 m 1590 m 

v (C-C-N) ---- 1567 m 1492 m 1465m 1463m 1493m 1469m 

v (N=N) 1428 m ---- 1442 m 1442m 1440 m 1438 m 1431m 

v (C-N) of 
C-C-NH2 

---- 1403 m 1363 m 1363 m 1360 m 1367 m 1381 m 

v ( M-N) ---- ---- 432 w 420 w 447 w 428w 437 w 

m : medium , and w:weak   

 
 The calculated percentage values of (C.H.N) elements and 
metal ions in the complexes were found to be in good agreement 
with their measured values, confirming the chemical formulae of 
the synthesized compounds, and their purity as shown in  table 1.  
The non-ionic character of all complexes has been clarified by the 
values of Molar Conductivity in both Ethanol and (DMF) solvents, 
as well as the absence of AgCl precipitate after adding AgNO3 
drops to the complexes solutions, indicating that chloride ions 
coordinated with each metal central ion inside the coordination 
sphere. 
 

 
Figure 7: Proposed Structure of [M(TBPAM) (en)Cl2] complexes 

 
 Bacterial inhibition of the primary ligand and it’s prepared 
complexes were studied by using a concentration (100mg/ml) for 

each compound against three types of resistance isolated bacteria, 
Klebsiella and P. aeruginosa as gram negative, and S. aureus as 
Gram Positive. The results are confirmed that complexes have a 
good inhibition ability comparing the free ligand due to their affinity 
to break DNA bands of bacteria cells by electrostatic connections, 
on the other hand the activity towards gram negative bacteria is 
rather than the positive due to the type of central metal ion in the 
complexes, substituted groups,   and their possibility  to access 
through cell walls , the results were explained in figures (8-11) .  
 

 
Figure 8: Inhibition effect of (TBPAM) and it’s mixed ligand complexes 
towards S. aureus  bacteria  
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Figure 9: Inhibition effect of (TBPAM) and it’s mixed ligand complexes 
towards Klebsiella Bacteria 

 

 
Figure 10: Inhibition effect of (TBPAM) and it’s mixed ligand complexes 
towards P. aeruginosa bacteria 

 

  
Figure 11: Inhibition zone (mm) of  (TBPAM) and it’s mixed ligand 
complexes towards Klebsiella  , P.aeruginosa , and S. aureus 

 

CONCLUSION 
New mixed ligand complexes for (TBPAM) and (en) ligands were 
prepared with cobalt, nickel, copper, zinc, and mercury divalent 
ions. Both ligands behaved as bidentate through (N3) of the 
imidazole ring and one nitrogen atom of the azo group of the 
(TBPAM) ligand and through two nitrogen atoms of the terminal (-
NH2) groups of (en), formatting two five-member rings between 
these ligands and each metal ion. 
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