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Abstract: 
New series of mixed ligand complexes of Mn(II), Co(II), Ni(II) , Cu(II) , and Hg(II) ions were prepared in two general formula [ M 
(L1)(L2)2]Cl , and [M (L1)2(L2)2] for each ion with E-5-((4-nitro phenyldiazanyl)quinoline-8-ol  (L1) as primary ligand , and imidazole 
molecule (L2) as a secondary ligand . Free ligands and their complexes characterized via MS , UV-Vis. , FTIR , 1HNMR, Magnetic 
suscbtibility, and  Molar Conductivity  . The results indicating the octahedral geometry for all compounds with [M(L1)2(L2)2] formula while 
the complexes which have general formula [ M(L1)(L2)2]Cl articulate tetrahedral geometry except [ Cu(L1)(L2)2]Cl  which has square planer 
geometry . (L1) ligand behaved as bidentate through nitrogen atom and oxygen atom of hydroxyl group in the  basic medium whereas 
imidazole coordinated through nitrogen (3) as a  neutral monodintate ligand. Antibacterial efficiency of compounds were tested against 
(Enterococcus faecalis , Staphylococcus aureus, Escherichia coli, Pseudomonas aeroginosa, Proteus mirabilis and Klebsiella pneumoniae) 
multi-drug resistant bacteria (MDR). All compounds appeared significant efficacy contra MDR bacteria, but ligand L1 appeared maximum 
inhibition zone and anti-bacterial efficacy contra all MDR bacteria while the minimum inhibition zone was marked in ligand L2 antibacterial 
efficacy. The complexes generally have high antibacterial activities in gram +ve bacteria contrasted to gram -ve bacteria, where Hg (II) ion 
complexes showed higher biological efficacy on all bacteria than other mixed ligand complexes of other ions. Ni (II) ion complexes showed 
lower antibacterial activity compare to other metal complexes. 
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INTRODUCTION: 
Mixed ligand complexes of transition metal ions have great 
interesting from the researchers who  study their coordination 
behavior and exploiting their properties in a different  fields 
especially  the antibacterial  activity [  1-3 ] , 8-hydroxy quinoline  
is an important compound which  has the ability to coordinate 
with a various ions as bidentate through nitrogen atom of 
quinoline ring and oxygen atom after deprotonation of hydroxyl 
group [ 4-7 ]  to format  five member ring between this ligand with  
the  central metal ion that helps to increase the stability of the 
complexes ,   as well as its  known biological activity [ 8  ]  ,  
Imidazole molecule  is  a part of the installation of many 
biological systems such as histidine and many of its  derivatives 
have been used as antibacterial, antifungal and anticancer agents 
also the important using to estimation of metal ions in drugs[ 9,10  
]. This molecule has an ability to coordinate alone with metal 
ions as monodintate  ligand through (N3) atom [  11   ] .
Pathogenic bacteria have caused dangerous illnesses and a lot of 
mortality in numerous countries, chiefly in the developing nations. 
These factors commonly diffusion speedily, and the common 
contagion to them have been appointed to the immune-
compromised individuals, gravid women, children, and elderly 
persons [12 ]. Along with the gradual resistance of bacteria to the 
existing antibiotics as a consequence of irregular antibiotic 
exhaustion in medicine, the health and general hygiene of people 
are strongly at risk, and, thence , to avoid this threat, recognition 
and using new anti-bacterial compounds are requested [ 13 ]. In 
the lately years, empirical research have showed some of the 
imidazole derivatives, numerous features such as the antifungal, 
antiviral, anti-parasitic, and in-vitro inhibition of cancer cells have 
been showed  the antibacterial effects of these compounds has 
confirmed their capability to inhibit pathogenic bacteria such as E. 
faecalis, S. aureus, and P.  aeruginosa  [ 14,15 ]. 
The purpose of the present study  is attended  of  mixed ligand 
complexes of azo dye of 8-hydroxy quinoline as a primary ligand 
and imidazole as a secondary ligand with Mn(II) , Co(II) , Ni(II) , 

Cu(II) , while Hg(II) in a different ratios of the primary ligand and 
char action them by spectrometric  techniques and examine the 
biological activity against different species of MDR bacteria . 

MATERIALS AND METHODS 
Chemicals   and Instruments : 
All chemical compounds used in this  study were supplied by 
Merck , and B.D.H companies  chemical company with 99% of 
purity , Electronic spectra    measured by (UV-Vis)T80 , PG 
instruments  Ltd. UK , while IR spectra  recorded  by (FTIR)-
Platinum –ATR Bruker using KBr disk (400-4000)cm- , Molar 
conductivity performed on 720(WTW) , Mass spectra was carried 
out by  AB SCIEX 3200 QTRAP Mass analyzer   , The element 
analysis  was measured  by  Costech ECS Elemental 4010 , while 
magnetic  measurements  of  complexes    carried out by Balance 
Magnetic Susceptibility Model –M.S.B Auto , and 1HMR  in 
DMSO-d6 solvent recorded by Bruker Avance-111 300 MHz 
NMR Spectrometer . 

Preparation of (L1) ligand 
4-nitro aniline (1.38 gm,10 mmole) dissolved in a mixture of  (3
ml of HCl, and 15 ml of distilled water) in  an ice bath with
temperature below (5)oC , then diazotized  by adding a mixture of
(0.70 gm NaNO2 , and 10 ml of cold  distilled water ) drop by
drop with continues  stirring , The resulting diazonuim salt was
coupled with an alcoholic ( 0.44 gm NaOH , and 15 ml of ethanol)
solution of (1.45 gm,10 mmole) 8-hydroxy quinoline .  After
neutralization with diluted HCl solution the ligand was separated
by filtration then dried in air , The yellow precipite was produced
with 79%  of  yield as shown in scheme (1).
Preparation of complexes (general method)
The solid complexes were prepared by mixing (10) mmole of the
primary ligand (L1) for [M(L1)(L2)2]Cl  formula  , and (20)mmole
for  [M(L1)(L2)2] formula  with (20) mmole of imidazole (L2) ,
and (10) mmole of metal chloride in (25) ml of  absolute ethanol.
The drops of (1)N of NaOH  added to this mixture reflux the
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mixture for (2) hours until  the precipitation was formed then 
filtered , dried  in air , and recrycltized from ethanol. The schemes 
( 2    ) and (  3   ) show the general reaction to prepare the 
complexes , and table( 1  ) illustrate   some of  physicochemical 
properties  of ligands and its complexes. 
                                      
Biological Activity 
Bacterial Isolates:  
The following multi drug resistance (MDR) pathogenic bacterial 
isolates: two gram +ve bacteria (Staphylococcus aureus and 
Enterococcus faecalis) while four gram –ve bacteria (Proteus 
mirabilis, Escherichia coli, Pseudomonas aeroginosa and 
Klebsiella pneumoniae) were isolated from different clinical 
specimens like sputum, stool, CSF, wound, blood and urine. The 
isolates were diagnosed using a range of morphological as well as 
biochemical technicalities [16]  , and then finally confirmed by 
using Vitek-2 compact system GP and GN card automated 
bacterial identification instrument. All bacterial isolates were 
stocked on brain heart infusion broth with (15%) glycerol at (-20 
°C). The isolates were sub-cultured on brain heart infusion agar 
and incubated at 37 °C for 24h before use. 
Preparation of ligands and Complexes solutions: 
The following  concentrations were used in the antibacterial test: 
1- Ligand concentration: 0.01 g of powder each ligand (L1 and 
L2) were dissolved in 1ml of DMSO to give concentration 10 
mg/ml. 
2- Mixed ligand complexes of ions: 0.01 g of powder of each 
complexes of Mn(II), Co(II), Ni(II), Cu(II) and Hg(II)  for  

[M(L1)(L2)2Cl]  , and [M(L1)2(L2)2] formulas  were dissolved in 
1ml of DMSO to give 10mg/ml concentration.  
Antibacterial activity experimental 
Bacterial suspensions were prepared as explained by [17] . Agar 
well diffusion method used to determine the antibacterial activity 
of ligands and mixed ligand complexes of ions against bacterial 
isolates [18]. Brain heart infusion broth (BHIB) was used for the 
elaboration of MDR bacterial cultures. Muller Hinton agar 
(MHA) was used to determine the activity of ligands and mixed 
ligand complexes of ions against bacterial . These media were 
attended similarity to the industrial’s prescript.   
Agar well diffusion assay  
Bacterial isolates suspensions were attended to resemble 0.5 
McFarland standards. Utilizing the micropipette, 100 μl of 
bacterial suspensions BHIB was diffuse up the superficies of 
MHA plate. This procedure was utilized for all experimental 
MDR bacteria. Utilizing an antiseptic cork borer, punctures were 
perforation in all of the culture plates. One of the punctures was 
perforation in the center of the plate where 100 μl of Gentamicin 
was inserted as positive control; 100μl of DMSO was inserted as a 
negative control in the other hole; 100μl of each ligands and 
mixed ligand complexes of ions were alone placed in the 
remaining holes [five holes to the [M(L1)(L2)2 ]Cl complexes and 
five holes to other ratio [M(L1)2(L2)2] complexes. The culture 
plates were then incubated at 37°C for 24 h. The clear zone of 
inhibition around holes was calculated in mm. The tests were 
carried out in triplicate [19].    

 
 
 
 
 

 
Scheme(1): Preparation of (L1) 
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Scheme ( 2 ) : Synthesis of [M(L1)(L2)2]Cl Complexes 
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Scheme ( 3 ) : Synthesis of [M(L1)2(L2)2] Complexes 
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Scheme (4): Mass fragmentation of (L1) ligand 

O2N N

N O

N

Co
N NH

N

H
N

Cl

 
C21H17ClCoN8O3
m/z

 =523.2
  

(7%)
(base 

peak)

-Cl

O2N N

N O

N

Co
N NH

N

H
N

[
 
C21H17CoN8O3

 ]+

m/z
 = 

488.3
 
(5%)

+

O2N O

N

Co
N NH

N

H
N +

-N2

[
 
C21H17CoN6O3]+

m/z=460
 -3H+ 

(4%)

O2N O

N

Co
N NH

+

[
 
C18H13CoN4O3]+

m/z=392.25
 
(4%)

O

N

Co
N NH

+

- NO2

[
 
C18H14CoN3O]

.+

m/z= 
347.2

 
(100%)

.

O

N

Co

.

[
 
C15H10CoNO]

.+

m/z=279+ 
H+ 

(14%)

+

OH

.

[C12H10O]
.+

m/z= 
170.2+H+ 

(7%)

+

-Co

-C3H3N
.

.

- C3H4N2

- C3H4N2

 
Scheme (  5  ) : Fragmentation of   [ Co (L1) (L2) 2] Cl Complex 
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Scheme   (6) : Fragmentation of   [ Co (L1)2 (L2) 2] Complex 

 
 

 
Figure 1: Mass  spectrum of( L1 )ligand 

 

 
Figure (2) : Mass  spectrum of [Co (L1) (L2)2 ]Cl  complex 
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Figure 3: Mass  spectrum of Co (L1)2(L2)2   complex 

 
 

 
Figure 4: 1HMR spectra of( L1 ) ligand 

 

 
Figure 5 :1HMR spectra of [Hg(L1)2(L2)2] complex 

 

 
Figure 6: Uv-Vis spectra of (L1) 

 

 
Figure 7 :Uv-Vis spectra of ( L2  ) 

 

 
Figure 8:  Uv-Vis spectra of [Ni (L1)(L2)2]Cl complex 

 

 
Figure 9: Uv-Vis spectra of [Ni (L1)2(L2)2] complex 
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Figure 10 :Suggested structure of [M(L1)2(L2)2] complexes 
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Figure 11: Suggested structure of [M(L1) (L2)2]Cl complexes 

 
Figure 12: Comparing of antibacterial activity (inhibition zone, mm) of two ligands against pathogenic bacteria. 
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Figure 13: Antimicrobial activity activity (inhibition zone, mm) of mixed ligand complexes of Mn(II), Co(II), Ni(II) , Cu(II) , and 

Hg(II) ions against Escherichia coli. 
 

Table(    1    ) : Some of  physicochemical properties  of ligands and their complexes 

Empirical  Formula Mwt Yield(%) Elemental Analysis   Calcl. (Found) m.p (oC) C% H% N% M% 

C15H10N4O3    (L1) 294.20 79 61.22 
(61.20) 

3.43 
(3.41) 

19.04 
(19.06) ------ 124 – 126 

C3H4N2      (L2) 68.07 - 52.93 
(52.91) 

5.92 
(5.90) 

41.15 
(41.14) ------- 90 - 92 

MnC21H17N8O3Cl 519.80 70 48.52 
(48.68) 

3.30 
(3.32) 

21.56 
(21.52) 

10.57 
(10.59) 134-136 

CoC21H17N8O3Cl 523.80 68 48.15 
(48.20) 

3.27 
(3.24) 

21.39 
(21.18) 

11.25 
(11.28) 139-141 

NiC21H17N8O3Cl 523.56 73 48.18 
(48.20) 

3.27 
(3.26) 

21.40 
(21.42) 

11.21 
(11.16) 146-148 

CuC21H17N8O3Cl 528.41 80 47.73 
(47.58) 

3.24 
(3.26) 

21.21 
(21.08) 

12.03 
(12.07) 153-155 

HgC21H17N8O3Cl 665.45 71 37.90 
(37.94) 

2.57 
(2.60) 

16.84 
(16.85) 

30.14 
------- 166-169 

MnC36H26N12O6 777.61 75 55.60 
(55.64) 

3.37 
(3.36) 

21.62 
(21.63) 

7.07 
(6.95) 189-191 

CoC36H26N12O6 781.60 81 55.32 
(55.35) 

3.35 
(3.32) 

21.50 
(21.46) 

7.49 
(7.50) 216-219 

NiC36H26N12O6 781.36 76 55.34 
(55.32) 

3.35 
(3.37) 

21.51 
(21.50) 

7.51 
(7.53) 221-225 

CuC36H26N12O6 786.21 70 55.00 
(54.86) 

3.33 
(3.34) 

21.38 
(21.36) 

8.08 
(7.97) 226-228 

HgC36H26N12O6 923.26 77 46.83 
(46.81) 

2.84 
(2.87) 

18.21 
(18.17) 

21.73 
------- 232-235 

 
Table(2) : IR vibrations of (L1) and (L2) ligands and their metal ion complexes 

Compound v (C-O) in 
plane 

v (C-O) 
out of  
plane 

v(C-O) 
phenolic 

v(C=N) 
imidazole 

v(C=N) 
quinoline v(M-N) v(M-O) 

(L1) 671 w 840 w 1224 w - 1506 m - - 
(L2) - - - 1541 m - - - 

[Mn (L1)(L2)2]Cl 659 w 836 m 1271 m 1546 m 1523 m 511 w 418 m 
[Mn(L1)2(L2)2] 657 w 823 w 1232 m 1464 m 1462 m 534 w 420 w 

[Co (L1)(L2)2]Cl 634 w 821 w 1236 m 1550 m 1498 m 553 w 412 w 
[Co(L1)2(L2)2] 667 w 823 w 1228 w 1579 m 1496 m 504 w 414 w 

[Ni (L1)(L2)2]Cl 661 w 842 m 1228 w 1548 m 1529 m 514 w 432 w 
[Ni(L1)2(L2)2] 665 w 821 w 1232 w 1570 m 1462 m 505 w 428 w 

[Cu(L1)(L2)2]Cl 648 w 832 w 1234 w 1548 m 1467 m 518 w 414 w 
[Cu(L1)2(L2)2] 663 w 835 w 1230 w 1577 m 1470 m 520 w 432 w 

[Hg (L1)(L2)2]Cl 651 w 842 m 1227 w 1552 m 1488 m 516 w 436 w 
[Hg(L1)2(L2)2] 663 w 826 w 1232 w 1564 m 1458 m 534 w 410 w 
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Table(   3  ) : Molar Conductivity, Magnetic Susbtibility , and Electronic Transitions of ligands and their complexes . 

Compound Molar Conductivity 
S.cm2.mole- µ.eff. 

(B.M.) 
λ max 
(nm) Transitions Geometry 

 DMF DMSO 

(L1) ----- ------- ----- 256 
389 

π-π* 
C.T ----- 

(L2) ----- ----- ----- 226 
278 

π-π* 
n-π* ----- 

[Mn (L1)(L2)2]Cl 78.8 75.6 5.93 
238 
262 
422 

π-π* 
π-π* 

MLCT 
Tetrahedral 

[Mn(L1)2(L2)2] 20.1 18.3 5.72 
232 
259 
418 

π-π* 
π-π* 

MLCT 
Octahedral 

[Co (L1)(L2)2]Cl 76.4 74.7 3.87 
234 
264 
432 

π-π* 
π-π* 

MLCT 
Tetrahedral 

[Co(L1)2(L2)2] 18.6 16.5 4.72 
230 
258 
429 

π-π* 
π-π* 

MLCT 
Octahedral 

[Ni (L1)(L2)2]Cl 76.2 74.5 3.53 
236 
267 
435 

π-π* 
π-π* 

MLCT 
Tetrahedral 

[Ni(L1)2(L2)2] 18.4 16.4 2.85 
232 
260 
432 

π-π* 
π-π* 

MLCT 
Octahedral 

[Cu(L1)(L2)2]Cl 74.6 72.8 1.81 267 
456 

π-π* 
MLCT Square planar 

[Cu(L1)2(L2)2] 17.2 15.8 1.71 264 
448 

π-π* 
MLCT 

Distorted 
octahedral 

[Hg (L1)(L2)2]Cl 82.7 81.4 ----- 
271 
256 
478 

π-π* 
π-π* 

MLCT 
Tetrahedral 

[Hg(L1)2(L2)2] 23.5 20.4 ----- 268 
480 

π-π* 
MLCT Octahedral 

 
Table (4): Antibacterial activity (inhibition zone, mm) of ligands against pathogenic bacteria 

Type of bacteria L1 L2 
Staphylococcus aureus 35 0 

Enterococcus faecalis 45 0 

Escherichia coli 50 10 

Klebsiella pneumoniae 45 10 

Proteus mirabilis 56 15 

Pseudomonas aeroginosa 35 8 
 

Table (5): Antibacterial activity (inhibition zone, mm) of mixed ligand complexes of Mn(II), Co(II), Ni(II) , Cu(II) , and Hg(II) ions 
against pathogenic bacteria 

Compound S. aureus E. faecalis E. coli K. 
pneumoniae P. mirabilis P. aeroginosa 

Mn (L1)(L2)2Cl 25 25 25 7 0 16 
Mn(L1)2(L2)2 30 27 29 15 14 18 

Co (L1)(L2)2Cl 15 17 0 2 0 0 
Co(L1)2(L2)2 24 19 13 22 20 28 

Ni (L1)(L2)2Cl 20 0 0 0 0 0 
Ni(L1)2(L2)2 23 0 11 0 11 0 

Cu (L1)(L2)2Cl 40 0 19 7 24 5 
Cu(L1)2(L2)2 40 13 27 12 28 3 

Hg (L1)(L2)2Cl 34 26 30 25 25 24 
Hg(L1)2(L2)2 28 24 27 22 14 21 
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RESULTS  AND DISCUSSION: 
Mass spectra show a peak  at m/e (294.3) represents the molecular 
ion peak of the free ligand (L1) , the primary fragmentation  of 
(L1) take place in  two paths the first one by loose (N2) of azo 
group at m/e(266.4) while the second bath  was started by loose (-
OH) group at m/e (277) than  loose (-N2)  from this fragment at 
m/e (249) as shown in  scheme (4) and figure (1) , Mass 
fragmentation  of  [Co(L1)(L2)2]Cl  complex that started by loose 
(-N2) from (L1)  ,and [Co(L1)2(L2)2]  complexes which 
fragmenting by loose two imidazole molecules   respectively are 
being studied  , The appearance of  molecular peaks of these 
compounds gave agreement confirms of  molecular formulas, as 
shown in figures ( 2  ,3 ) and  schemes( 5  ,6  ).  
1HNMR spectrum of (L1) in DMSO-d6 solvent show singlet at 
(8.86) ppm due to the proton of hydroxyl group of Quinoline 
moiety [20]  which disappeared in [Hg(L1)2(L2)2] complex 
spectrum that indicate  the coordination  process through hydroxyl 
group after losing its proton , the fourth protons of aromatic aryl 
ring  [21-24]obvious as a doublet signals   in (6.62) and (6.65) 
ppm, while the protons of Quinoline appears at (7.10-8.3) ppm 
[25], The signal of (N1) proton of imidazole ring  [26] was also 
observed at (12.25 ) ppm in the [Hg(L1)2(L2)2] complex spectrum, 
as shown in figures (  4,5 ). 
 IR spectra of (L1) ligand show vibration  frequencies of v (C-O) 
for phenolic group[27, 28]   in (1224) cm- which  proceed  to 
higher frequencies in the complexes, as well the frequencies of 
this bond in plane and out of plane in (671) cm- and (840)cm- 
respectively, were priced to lower values in the complexes 
compared to free ligand, The v (O-H) of phenolic group[29] that 
appear in (3473) cm- minefield in the complexes, These above 
results indicated the coordination through oxygen atom of (-OH) 
group after it’s deprotonation. The vibrational frequencies of 
v(C=N) of Quinoline ring in (L1) , and v (C=N) of imine group in 
(L2) which appear in  [30,31] (1506) cm- and (1541) cm- 
consecutively  where observed to be shifted towards lower 
frequencies in the complexes If compared  to the free ligands 
suggesting that the coordination through nitrogen atoms of 
quinoline and imidazole rings of these ligands while there was no 
significant changes of v(N=N)  in complexes spectra  which 
appear in (1444) cm-  [32] in (L1)  , as demonstrated  in table (2)  .    
 Molar Conductivity was carried out in both of (DMF) and 
(DMSO) solvents at (25)oC and (10-3)M for the prepared  
complexes , The resulting values for [M(L1)(L2)2]Cl complexes 
were between (74.6-82.7) S.cm2.mole- in (DMF) solvent , and 
(72.8 – 81.4) S.cm2.mole- in (DMSO)  indicating (1:1) electrolyte 
type , The  white precipitate  formed when a drops of  (0.1) M of 
AgNO3  was  added to the complexes  which confirms existence of 
chlorine out of the coordination sphere [33], while [M(L1)2(L2)2] 
showed values ranging between  (23.5-17.5)  S.Cm2.mole- in 
(DMF) , and (15.8-20.4) S.Cm2.mole- in (DMSO)   confirmed the 
non-ionic character of these complexes [34] . 
Magnetic susbtibility measurements indicates that complexes 
formula [M(L1)(L2)2]Cl have tetrahedral geometry bating Cu(II) 
complex which has square planar while that all of [M (L1)2(L2)2] 
complexes were  possessive the  octahedral [35] .  
 UV-Vis spectra of the complexes and free ligands measured in 
DMF solvent at room temperature , (L1) resulted  in two bands in 
389 nm(25706 cm-)  , and 256 nm (39062 cm-) due to the  charge 
transfer and π – π*  transitions  while (L2) showed two bands 287 
nm (34843 cm-), and 226 nm(44247 cm-) consequent to n-π* and 
π-π*  transitions , All of  these bands showed bathochromic shift 
in the  complexes comparing to the ligands   indicating  the 
coordination process , while [Cu(L1)(L2)2]Cl complex show single 
band at 616 nm (  16233  cm-) due  to   2B1g       2A1g transition of 
square planar geometry [34,36], The data of transitions is 
summarized in table ( 3 ), and  figures (6 - 9) represent  the 
electronic spectra of the free ligands and Ni(II) complexes  

The capacity of antimicrobial efficiency of two ligand (L1,L2) and 
five mixed ligand complexes of Mn(II), Co(II), Ni(II), Cu(II), and 
Hg(II) in two formulas [ M(L1)(L2)2Cl] and [M(L1)2(L2)2] for each 
ion against six multidrug resistance bacteria (two G +ve bacteria 
(E. faecalis and S. aureus) and four G –ve bacteria (P. mirabilis, 
E. coli, P.  aeroginosa and K.  pneumoniae) were assessed by the 
existence or the absence of inhibition zone. The results of 
antibacterial efficiency of the ligands and mixed ligand complexes 
of ions are listed in table (4), table (5) and figure (13). The results 
indicate that L1 ligand had better antibacterial activities on all 
bacterial isolated than L2 ligand and other mixed ligand 
complexes of ions. The results also indicated that L2 ligand have 
no influence on G +ve MDR bacterial isolates compared to the 
influence on G –ve MDR bacterial isolates .  
 As for the effectiveness of the metal complexes, they generally 
have a high antibacterial activities on G +ve bacteria compared to 
G-ve bacteria, where Hg (II) ion complexes had higher biological 
efficacy on all bacteria than other metal complexes. Ni (II) ion 
complexes showed lower antibacterial activity compare to other 
metal complexes (table 5). 
The complexes [M(L1)2(L2)2] of Cu(II), Mn(II), Ni(II) and Co(II) 
ions given higher antibacterial activity against all bacteria 
compare to [M(L1)1(L2)2Cl]  except [Hg(L1)2(L2)2]  of complex 
showed lower antibacterial activity compare to [Hg(L1)(L2)2Cl] 
(figure 13). 
The enhancement of antimicrobial activity of the ligand (L1 ) may 
be due to chelation of transitional metals with it. Complicated 
decrease the polarity of metal ion by coordinating with ligands 
and rises the lipophilicity of the metals [37]. Thus it easiness the 
new synthesized complex to permeate the lipoid cell membrane of 
microorganisms and prevent their growth. 
This variation in efficacy and inhibition vigor of( L2 ) ligand is 
compatible to the existence of chlorine and phenyl compounds 
[38]. Beside the reduction of influences on G +ve bacteria, 
experiments demonstrated the potency of methyl nitro imidazole 
to inhibit the growth of the G-ve bacteria such as Proteus 
merablis, P. auroginosa, K. pneumoniae  and E. coli, This ligand 
could liberate free radicals that damage bacteria and murder them 
[39] . 

 
CONCLUSIONS 

Series of new mixed ligand complexes were prepared with (E)-5-
nitrophenyl)diazenyl0quinolin-8-ol as a primary ligand (L1) and 
imidazole as a secondary ligand (L2)  with Mn(II), Co(II), Ni(II) , 
Cu(II) , and Hg(II) , in two different ratios of (L1) as two formulas 
[M(L1)(L2)]Cl which have tetrahedral geometry except 
[Cu(L1)(L2)]Cl has square planer   and [M(L1)2(L2)2]  were 
octahedral geometry .  
 The ligand (L1) has maximum inhibition zone and antibacterial 
efficacy against all tested MDR bacteria while the minimum 
inhibition zone was determined ligand L2 antibacterial efficacy. 
Retained The complexes generally appeared  high antibacterial 
activities in G +ve bacteria compared to G -ve bacteria, where Hg 
(II) ion complexes has higher biological efficacy on all bacteria 
than other mixed ligand complexes of other ions. Ni (II) ion 
complexes has lower antibacterial activity compare to other metal 
complexes. 
 

REFERENCES : 
[1] Sunil S. Patil, Ganesh A. Thakur, ManzoorM. Shaikh , Synthesis, 

Characterization, and Antibacterial Studies of Mixed Ligand 
Dioxouranium Complexes with 8-Hydroxyquinoline and Some Amino 
Acids, International Scholarly Research Network, 2011, 168539 , 1-6. 

[2] Taghreed H AL-Noor, Amer J Jarad , Abaas Obaid , Synthesis, 
Characterization and antibacterial activity of mixed ligands complexes 
of some metal ions with 2-aminophenol and tributylphosphine, 
Research Journal of Pharmaceutical, Biological and Chemical 
Sciences,2017, 8(3) , 132-139. 

Israa N.Witwit et al /J. Pharm. Sci. & Res. Vol. 10(12), 2018, 3074-3083

3082



[3] F. K. Camellia, Abdul Kader, Md. Ashraful Alam, Md. Kudrat-E-
Zahan and M. S. Islam , Synthesis, Characterization and
Antimicrobial Investigation of Three New Mo (VI) Mixed Ligand
Complexes”,2018; 4(4) : pp.1-5.

[4] R. T. Vashi, S. B. Patel , H. K. Kadiya, Synthesis, Characterization and
Antimicrobial Activity of Metal Chelates of 2-[(8-hydroxyquinolinyl)-
5-aminomethyl]-3-(4-Bromophenyl)-3(H)- -quinazolin-4-one, Der
Pharma Chemica, 2012, 4(4):1506-1511

[5] R.B. Dixit , J.A. Patel, SPECTROPHOTOMETRIC
DETERMINATION OF  PARACETAMOL DRUG USING 8-
HYDROXYQUINOLINE , International Journal of Pharmaceutical
Sciences and Research  , 2014; 5(6): 2393-2397.

[6] Ibrahim M.A. Awad, Aref A.M. Aly, Aly A. Abdel Hafez, Krm.
Hassan, Transtion  Metal Complexes  of Azo-8-Hydroxyquinoline 
Derivatives  as Antimicrobial Agents , Journal of the Chinese
Chemirnl Society , ,1989 ; 36: 107-114.

[7] Nadia A. El‐Wakiel , Hala F. Rizk , Seham A. Ibrahim, Synthesis
and characterization of metal complexes of azo dye based on 5‐
nitro‐8‐hydroxyquinoline and their applications in dyeing polyester
fabrics, Appl Organometal Chem ,2017;31(10):1-7.

[8] Mohamed A. Abdelgawad , Ashraf M. Mohamed, Arafa Musa, Ehab
M. Mostafa , Hassan M. Awad , Synthesis, Chromatographic
Separation and Antimicrobial Evolution of New Azoquinoline-8-ol, J.
Pharm. Sci. & Res. , 2018; 10(6) : 1314-1318.

[9] Sanchita Baroniya, Zaihra Anwer, Pramod K. Sharma, Rupesh Dudhe,
Nitin Kumar, Recent advancement in imidazole as anti cancer agents:
A review, Der Pharmacia Sinica, 2010, 1 (3): 172-182.

[10] Arshed A. Ali Shihad, Khamis A.Abedalrazaq, Faiq F. Karam, Haider
M. Hessoon, Khalid J. Al-Adilee, Ayad F. Alkaim , New Analytical
Method for Estimation of ferrous in Ferrous Sulfate drug By
Preparation and Using 2-(E-(1H_benzo(d) imidozol-2-yl) diazenyl -5-
(E-4- dimethyl amino benzaliden amino) phenol as a reagent , J. 
Pharm. Sci. & Res. ,2018 , 10: 92179-2182

[11] J. Reedljk, Pyrazoles and Imidazoles as Ligands. II. Coordination
Compounds of N-methyl Imidazole with Metal Perchlorates and
Tetrafluoroborates , Inorganica Chimica Acta,1969 ; 3(4) :517-522.

[12] Giesker K, Hensel M. ,Bacterial Vaccines, Ref Mod Bio Sci
,2014;doi:10.1016/B978-0-12-801238-3.00141-0. 

[13] AL-Ramahi, A.A.; Darweesh, M. A., Ahmad A. M (2017).: The
Antibacterial of Essential Fatty Acid Semicarbazide Extracted from
Flaxseed Oil Against Some Nosocomial Infection Bacteria in Iraq.
IJCPR; 8(1): 31-39.

[14]. Brahmayya M, Venkateswararao B, Krishnarao D, Durgarao S, 
Viplava Prasad U, Damodharam T, Synthesis and fungicidal activity 
of novel 5-aryl-4methyl-3yl (imidazolidin-1yl methyl, 2-ylidene nitro 
imine) isoxazoles., J Pharm Res ,2013;7: 516-5 1 9.  

[15] Salhi L, Bouzroura-Aichouche S, Benmalek Y, Benmalek B,
Poulain-Martini S, Cacciuttolo B, , An efficient conversion of
maleimide derivatives to 2-thioxo imidazolidinones. Org Commun, 
2013;6: 87-94. 

[16 ] Macfaddin, J.F. Biochemical tests for identification of medical 
Bacteria. 3rd-ed, williium and Wilkins, U. S. A., 2009.  

[17] Ramalivhana JN, Obi CL, Samie A, Iweriebor BC, Uaboi-Egbenni P,
Idiaghe J.E. and Momba M. N. B., Antibacterial activity of honey and
medicinal plant extracts against Gram negative microorganisms,
African Journal of Biotechnology, 2014; 13(4): 616-625.

[18] Murray, PR. ; Baron EJ , Pfaller MA, Tenover FC , Yolken HR.,
Manual of clinical microbiology, 6th Ed. ASM press , Washington
DC, 1995; 15-18. 

[19] Olurinola, P.F. A laboratory manual of pharmaceutical microbiology.
Idu, Abuja, Nigeria, 1996; 69-105. 

[20] Chinnagiri T. Keerthi Kumar, Jathi Keshavayya, Tantry N. Rajesh,
Sanehalli K. Peethambar, Angadi R. Shoukat Ali, Synthesis,
Characterization, and Biological Activity of 5-Phenyl-1,3,4-
thiadiazole-2-amine Incorporated Azo Dye Derivatives , Organic 
Chemistry International, 2013: ID 370626, 1-7.

 [21] M. El Faydy, T. Djassinra, S. Haida, M. Rbaa1, K. Ounine, A. Kribii,
B. Lakhrissi, Synthesis and investigation of antibacterial and
antioxidants properties of some new 5- subsituted-8-hydroxyquinoline 
derivatives, Journal of Materials and Environmental Sciences, 2017 ;
8( 11): 3855-3863 

[22] Won Young Kang , Jong S. Park, Preparation of Polymeric Metal
Complex Containing Azo Dye Rotaxane , Textile Coloration and
Finishing , 2011, 23( 3): 163-168.

[23] Hitendra D. Raj ,Yogesh S. Patel, Synthesis, characterization and
antifungal activity of metal complexes of 8-hydroxyquinoline based
azo dye, Advances in Applied Science Research, 2015, 6(2):119-123

 [24] K. B. Patel , G. J. Kharadi ,K. S. Nimavat, Synthesis and description
of transition metal complexes and antimicrobial Studies, Journal of
Chemical and Pharmaceutical Research, 2012, 4(5):2422-2428.

[25] Hitendra D. Raj ,Yogesh S. Patel , Synthesis, characterization and
antifungal activity of metal complexes of 8-hydroxyquinoline based
azo dye , Adv. Appl. Sci. Res., 2015; 6(2):119-123.

 [26] Mesut Gomleksiza , Cihan Alkanb and Belgin Erdemc, Synthesis
Characterization and  Antibacterial Activity of Imidazole Derivatives
of 1,10-Phenanthroline and their Cu(II), Co(II) and Ni(II) Complexes,
S. Afr. J. Chem., 2013; 66:107–112. 

 [27] Omar Hamad Shihab Al-Obaidi , Binuclear Cu(II) and Co(II)
Complexes of Tridentate Heterocyclic Shiff Base Derived from
Salicylaldehyde with 4-Aminoantipyrine , Bioinorganic Chemistry
and Applications, 2012 ; 2012 : 1-6, doi:10.1155/2012/601879.

[28] Masoumeh Orojloo, Fereshteh Nourian, Raziyeh Arabahmadi and
Saeid Amani, Ni(II), Cu(II), AND Zn(II) COMPLEXES DERIVED
FROM A NEW SCHIFF BASE 2-((Z)-(3-METHYLPYRIDIN-2-
YLEIMINO)METHYL)PHENOL AND SYNTHESIS OF NANO
SIZED METAL OXIDE PARTICLES FROM THESE
COMPOUNDS, Quim. Nova, 2015; 38( 9): 1187-1191, 2015.

[29] Mosaad R. Mlahi, Elsayed M. Afsah, Amr Negm , Mohsen M.
Mostafa, Synthesis of 8- hydroxyquinolium chloroacetate and
synthesis of complexes derived from 8-hydroxyquinoline, and
characterization, density functional theory and biological studies,
Appl. Organometal. Chem., 2015; 29:200–208.

[30] Kuruba Siddappa , Nabiya Sultana Mayana, Synthesis, Spectroscopic
Characterization,and Biological Evaluation Studies of 5-Bromo-3-
(((hydroxy-2-methylquinolin-7-yl)methylene)

hydrazono)indolin-2-one and Its Metal (II) Complexes , Bioinorganic 
Chemistry and Applications, 2014; Article ID 483282: 11 pages , 
doi.org/10.1155/2014/483282. 

[31] John McGinley, Malachy McCann, Kaijie Ni, Theresa Tallon, Kevin
Kavanagh, Michael Devereux , Xiaomei Ma, Vickie McKee ,
Imidazole Schiff base ligands: Synthesis, coordination complexes and 
biological activities, Polyhedron , 2013; 55: 169–178

[32] Saad M Mahdi , Ali K Ismail, Preparation and Identification of new
azo-schiff base ligand (NASAR) and its divalent transition metal
Complexes , J. Pharm. Sci. & Res ,2018; 10(9), : 2175-2178.

[33] Khalid J. Al-Adilee , Hussein A. K. Kyhoiesh, Preparation and
Identification of Some Metal Complexes with New Heterocyclic Azo
Dye Ligand 2-[2‾- (1- Hydroxy -4- Chloro phenyl) azo ]- Imidazole
and their Spectral and Thermal Studies, Journal of Molecular
Structure , 2017 ; DOI: 10.1016/j.molstruc.2017.01.054.

[34] K. Hussain Reddy, M. Radhakrishna Reddy , K. Mohana Raju ,
Synthesis, characterization, electrochemistry and axial ligation
properties of macrocyclic divalent metal complexes of acetylacetone 
buckled with different diamines  , Polyhedron , 1997; 16( 15) : 2673-
2679. 

[35] C. Anitha, S. Sumathi, P. Tharmaraj, C. D. Sheela, Synthesis,
Characterization, and Biological Activity of Some TransitionMetal
Complexes Derived from Novel Hydrazone Azo Schiff Base Ligand,
International Journal of Inorganic Chemistry ,2011, Article ID
493942:8 pages , doi:10.1155/2011/493942 

[36] Sheikh J, Juneja H, Ingle V, Ali P, Hadda TB, Synthesis and in vitro
biology of Co(II), Ni(II), Cu(II) and Zinc(II) complexes of
functionalized betadiketone bearing energy buried potential
antibacterial and antiviral O,O pharmacophore sites, J Saudi Chem
Soc. 2013;17(3):269-76.

[37] Franz A. Mautner, Roland C. Fischer, Mark Spell, Andres R.
Acevedo, Diana H. Tran , Salah S. Massoud, Metal(II) Complexes of
Compartmental Polynuclear Schiff Bases Containing Phenolate and
Alkoxy Groups, Crystals ,2016; 6(91) , doi:10.3390.

[38] Jones RN, Wilson ML, Weinstein MP, Stilwell MG, Mendes RE,
Contemporary potencies of minocycline and tetracycline HCL tested
against Gram-positive pathogens: SENTRY Program results using
CLSI and EUCAST breakpoint criteria, Diagn Microbiol Infect Dis
,2013; 75: 402–405. 

[39] Shahid HA, Jahangir S, Yousuf S, Hanif M, Sherwan SK. Synthesis,
crystal structure, structural characterization and in vitro antimicrobial
activities of 1-methyl-4-nitro-1H-imidazole. Arab J Chem ,2014; 
doi:10.1016. 

Israa N.Witwit et al /J. Pharm. Sci. & Res. Vol. 10(12), 2018, 3074-3083

3083




