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ABSTRACT. Complexes of mixed-ligand Schiff bases [trimetho-prim (TMP) with isatin] (L1) and nitrogen bases 
[2,2′-bipyridine (bipy)] (L2), [1,10-phenanthroline (phen) (L3)] with metal chlorides: M = Cr3+, Mn2+, Co2+, Ni2+, 
Cu2+, Zn2+ were prepared and characterized by metal content determination (%), FT-IR, electronic, nuclear magnetic 
resonance, mass spectroscopy, magnetic susceptibility, conductance measurements and elemental analysis (CHN). 
The bacterial activity of the ligands and their metal compounds was evaluated via various microorganisms. Infrared 
spectra of Schiff base showed an azomethine peak shifted in complexes that coincide synthesis and coordination of 
Schiff base through the nitrogen atom of azomethine C=N) and the oxygen atom of the carbonyl group of L1 with 
metal ions. L2, L3 (bipy, phen) coordinated through the di imine nitrogen atoms. Conductance dimensions suggested 
the non-conductance nature of all the compounds except Cr(III) complexes, this outcome fits in with the molar 
conductance value estimated for 1:1 electrolyte in DMF. Magnetic susceptibility analysis and electronic spectra 
indicated an octahedral geometry for all complexes. Biological study for prepared compounds have been evaluated 
towards pathogenic microbes Staphylococcus aureus and Bacillus subtilis. Some compounds have stronger 
antibacterial action than Schiff base towards tested microbes. 
   
KEY WORDS: Antimicrobial, Heterocyclic compounds, Schiff base, Trimethoprim drug, 2,2-Bipyridyl, 1,10-

Phenanthroline 

INTRODUCTION 
 
Compounds with the azomethine groups (-C=N-) are identified as Schiff-bases combined when 
amines and ketones or aldehydes combine. They have been a great chemical development that has 
made major progress in inorganic chemistry. They act as donor ligands for the most transition 
metals, generating stable compounds [1, 2] have been used many applications, including tumors 
treatment, radio immunotherapy, cancer diagnosis and treatment, antimicrobial drugs, catalysts, 
etc. Schiff bases continue to have an important effect on the progress of industry and clinical 
chemistry [2, 3].  

According to many organic compounds can act as ligands to form metallic drug compounds 
[4, 5], which may be more potent than the free drug. In order to produce more active 
pharmacological compounds, the special antibacterial properties of the sulfa drug may be coupled 
with the metal-drug compounds. Because of their bacterial activity, antineoplastic, cytotoxicity, 
anti-cancer effect, geno toxicity, thermal stability and uses [6-8], other bioinorganic [9, 10], mixed 
ligands compounds containing heterocyclic compounds for example (pyridine, bi-pyridine, 1,10-
phenanthroline) which had been mentioned. On the mixed metal compounds of trimethoprim, 
there aren't many reports [11-13]. However, there was no information on the combined ligand of 
2,2′-bipyridine, 1,10-phenanthroline, and Schiff base of trimethoprim and isatin. The purpose of 
the work is to combine and describe some new metal compounds of Schiff base (from 
trimethoprim and isatin) and nitrogen bases. In this article, we discuss the antibacterial activities 
of mixed-ligand compounds. 
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EXPERIMENTAL 
 
Materials 
      
Every compound employed was of analytical grade, no additional purification was necessary. 
Trimethoprim was acquired from Samarra, Iraq’s state enterprise for the pharmaceutical industries 
and medical appliances (SDI). Metal salts [CrCl3], [MnCl2.4H2O], [CoCl2.6H2O], [NiCl2.6H2O], 
[CuCl2.2H2O], [ZnCl2], 2,2-bipyridine, 1,10-phenanthroline, isatin were supplied by Sigma 
Aldrich Company. Ethanol and dimethyl form amide (DMF) were provided by Fluka Company.  
 
Instrumentation 
 
FT-IR spectra were measured using a Shimadzu FT-IR84005 Spectrophotometer, Japan, at 
Education for Pure Sciences College, Tikrit University at wave number 400-4000 cm-1 (KBr disc). 
The 1H-NMR and 13C-NMR tests were carried out at Sciences College, Basra University using 
Bruker-DRX system at 400 MHz, (TMS) as standard in DMSO-d6. Electronic spectra 
measurements for ligands and their compounds at a concentration of 10−3 M in DMF as a solvent 
at 25 °C were conducted using the Shimadzu UV-Vis spectrophotometer Ultra Violet-1800 
Spectrophotometer at 190−1100 nm in Education for Pure Science College, Mosul University. 
The GCMSQp2010 Ultra Gas Mass Chromatography Spectroscopy, Shimadzu measurement 
device was used to determine their molecular weight at Samarra University's center laboratory. 
Element microanalyses were performed using a Leco 932 USA Elemental Analyzer (C.H.N). The 
molar conductance of the synthesized compounds was measured using the HANNA EC214 
conductivity meter in dimethyl form amide at 25 °C in Education for Pure Science College, Mosul 
University. Metal ion analyses had been evaluated spectrophotometrically utilizing atomic 
absorption spectroscopy, Analytic Jena GmbH-novAA350 novAA350 at the College of 
Agriculture and Forestry, University of Mosul. Sherwood Scientific was used to assess the 
produced complexes' magnetic susceptibility at room temperature (MSB-MK) at Education for 
Pure Sciences College, Tikrit University.  
 
Synthesis 
 
Preparation of the Schiff base (L1)  
 
Trimethoprim (1.45 g, 5 mmol) and isatin (1.91 g, 5 mmol) in ethanol solution had been refluxed 
with stirring for about 3 h [14]. This was allowed to remain for about 24 h at room temperature to 
obtain the precipitation. The resulting particles were filtered, washed more than once in distilled 
water and diethyl ether and dried (Figure 1). 
 

 
Figure 1. Schiff base L1. 
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Preparation of metal ions complexes  

(0.01 mol) of one of [CrCl3], [MnCl2.4H2O], [CoCl2.6H2O], [NiCl2.6H2O], [CuCl2.2H2O], [ZnCl2] 
and Schiff base (L1) (0.01 mol) have been mixed in warm ethanol solution with (1.56 g, 10 mmol) 
of  2,2-bipyridine (L2) or (1.98 g, 10 mmol) of 1,10-phenanthroline (L3). Refluxing the reaction 
mixture for about 3–4 h, the resultant product filtered, washed with cold ethanol, ether and dried 
[15]. 

  
Reaction equation  

MCl2 .xH2O + L1 Schiff base + bipy or phen → [M(L1)(bipy/phen)Cl2 ].nH2O + yH2O                    (1) 

CrCl3 + L1 Schiff base + bipy/phen → [Cr(L1)(bipy/phen)Cl2 ] Cl                                             (2) 

M = Mn2+, Co2+, Ni2+, Cu2+, x = 2 - 6. 

For Mn2+, Cu2+ compounds, n = 2, for Co2+, Ni2+ compounds, n = 0.  For ZnL1(phen)Cl2], n = 3.    

RESULTS AND DISCUSSION 

The prepared compounds were characterized using conductance measurements, (C.H.N.), 
magnetic susceptibility, elemental analysis (%), metal percentage (%), FT-IR, 1H and 13C-NMR, 
GC-Mass, and UV-Vis spectroscopies. 

Elemental analysis and molar conductivity  

Table 1 includes the analytical data as well as the physical characteristics of the compounds. Every 

compound exhibits constant temperature stability and is insensitive to airborne moisture and 

oxygen. All organic solvents, with the exception of dimethyl form amide (DMF) and dimethyl 

sulfoxide (DMSO) proved insoluble for them. The relatively low molar conductivities of the 

compounds, ranging from (11.5-33) ohm-1 cm2 mol-1, show their lack of electrolytic behaviour 

when dissolved. Conversely, the molar conductivity readings for Cr(III) compounds confirm their 

identity as 1:1 electrolytes [16-18]. 

Infrared spectra 

Table 2 gives data on the ligands and compounds' infrared spectrum characteristics. In the 
spectrum of ligand [L1] the form of a new band at 1622 cm-1 has been allocated to the (C=N), 
indicating the formation of a new compound (L1), which has been truant in trimethoprim and 
isatin spectra (Figure 2a). In compounds the shift in azomethine peak from 1622 to 1677 cm-1 
suggests interaction of azomethine nitrogen with metal ions. As well as the azomethine band, the 
Schiff base also showed a carbonyl group at 1731 cm-1. This band has been shifted to 1731-1740 
cm-1 in complex of Cr3+ (Figure 2b), Mn2+, Co2+, Ni2+, and Zn2+ correspondingly, suggesting that 
coordination has been involved carbonyl oxygen atom. The stretching vibrations of the (M-N) 
and (M-O) groups were suggested as the reasons to the appearance of new peaks at (442-466) 
cm-1 and (500-525) cm-1, respectively. As a result, the information suggested that the metal and 
the Schiff base were coordinated with the nitrogen atom of azomethine and oxygen atom of the 
carbonyl group. Once again, M-Cl received bands at 346-393 cm-1. Matched to co-ligand at 1570 
cm-1, in compounds (1, 2, 3, 4, 6) the distinguishing peaks of the C= N bonds had been shifted 
to lower frequencies. This suggests that 2,2-bipy's two nitrogen are harmonized to the metal ion. 
The vibration C= N at 1560 cm-1 in phen has shown similar behavior. In compounds 7, 8, 9, 10, 
11, and 12, this band changes to lower frequencies, usually related to coordination with metal 
[19]. Broad bands have been shown at 3454-3620 cm–1 approving the existence of 
lattice/coordinated water molecules [20]. 
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Table 1. Physical properties of L1, L2, L3 and prepared compounds. 

 
Table 2. FTIR bands of the mixed ligands (L1, L2, L3) and their compounds in cm−1. 
 

No. Compound NH2 C=O C=N C=N 
diimine 

M-O M-N M-Cl H2O 

L1 Schiff base 3467 1731 1622      
L2 2,2-Bipyridine(bipy)    1570     
L3 1,10-Penanthrolene(phen)    1560     
1 [CrL1(bipy)Cl2] Cl 3406 1732 1677 1533 503 456 393  
2 [MnL1(bipy)Cl2].2H2O 3407 1733 1676 1530 516 449 364 3550 
3 [CoL1(bipy)Cl2] 3453 1735 1627 1557 516 458 368  
4 [NiL1(bipy)Cl2] 3422 1738 1666 1551 512 453 346  
5 CuL1(bipy)Cl2].2 H2O 3406 1734 1675 1522 511 447 379 3559 
6 ZnL1(bipy)Cl2].3H2O 3407 1733 1670 1614 524 449 391 3454 
7 [CrL1(phen)Cl2] Cl 3404 1730 1675 1531 500 445 389  

8 [MnL1(phen)Cl2].2H2O 3409 1735 1670 1529 514 442 359 3460 
9 [CoL1(phen)Cl2] 3458 1733 1625 1550 518 466 372  

10 NiL1(phen)Cl2] 3400 1740 1670 1550 513 459 364  
11 CuL1(phen)Cl2].2 H2O 3407 1731 1676 1508 514 450 381 3620 
12 ZnL1(phen)Cl2].3H2O 3407 1735 1670 1540 525 449 352 3454 

 
 

No. Compounds Color 
mp 
ᵒC 

Yield 
% 

M.Wt 
g.mol-1 

Elemental analysis% 
C        H N 

Exp./(Calc.) 

Metal% 
found/ 
(calc) 

Conductivity 
ohm-1 cm2 

mol-1 

L1 Schiff base(C22H21N5O4) Orange 
162-
164 

85 419 62.8(63.00) 
4.90 

(5.01) 
16.35 

(16.70) 
- - 

L2 2,2-Bipyridine(bipy)(C10H8N2) White 
72-
74 

- 156.19 
76.67 

(76.82) 
4.85 

(5.12) 
17.47 

(17.92) 
- - 

L3 
1,10-Phenanthrolene 

(phen)(C12H8N2). H2O 
White 

98-
100 

- 198 
72.53 

(72.72) 
3.75 

(4.04) 
13.87 

(14.14) 
- - 

1 [CrL1(bipy)Cl2] Cl 
Reddish 
orange 

139-
141 

84.9 734.686 
51.98 

(52.26) 
3.66 

(3.94) 
13.05 

(13.33) 
6.73 

(7.07) 
65 

2 [MnL1(bipy)Cl2].2H2O Brown 
170-
172 

84.9 738.128 
51.87 

(52.02) 
3.79 

(3.92) 
12.84 

(13.27) 
7.21 

(7.44) 
31 

3 [CoL1(bipy)Cl2] 
Dark 
green 

140-
142 

85 706.123 
54.11 

(54.38) 
3.98 

(4.10) 
13.59 

(13.87) 
8.12 

(8.34) 
30 

4 [NiL1(bipy)Cl2] Orange 
165-
167 

84 705.88 
54.22 

(54.40) 
3.74 

(4.10) 
13.69 

(13.88) 
8.15 

(8.31) 
11.5 

5 CuL1(bipy)Cl2].2 H2O Green 
169-
171 

90 710.733 
53.69 

(54.02) 
3.59 

(4.08) 
13.57 

(13.78) 
8.65 

(8.94) 
25 

6 ZnL1(bipy)Cl2] Orange 
150-
152 

85.9 712.57 
53.66 

(53.88) 
3.89 

(4.06) 
13.53 

(13.75) 
9.00 

(9.17) 
21 

7 [CrL1(phen)Cl2] Cl 
 Dark 
orange 

145-
147 

85 758.496 
53.38 

(53.79) 
3.55 

(3.82) 
12.68 

(12.92) 
6.48 

(6.85) 
71 

8 [MnL1(phen)Cl2].2H2O Brown 
194-
196 

86 761.938 
53.33 

(53.54) 
3.72 

(3.80) 
12.32 

(12.86) 
7.10 

(7.21) 
29 

9 [CoL1(phen)Cl2] Green 
148-
150 

94.4 729.933 
55.47 

(55.89) 
3.67 

(3.97) 
13.02 

(13.42) 
7.83 

(8.07) 
33 

10 NiL1(phen)Cl2] 
 Light 
orange 

170-
172 

86.4 729.693 
55.68 

(55.91) 
3.74 

(3.97) 
13.18 

(13.43) 
7.73 

(8.04) 
13 

11 CuL1(phen)Cl2].2H2O 
Olive 
green 

166-
168 

91.7 734.546 
55.17 

(55.54) 
3.66 

(3.94) 
13.19 

(13.34) 
8.39 

(8.65) 
20 

12 ZnL1(phen)Cl2].3H2O Orange 
154-
156 

86 736.38 
55.25 

(55.40) 
3.53 

(3.93) 
13.08 

(13.30) 
8.63 

(8.87) 
18 
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Figure 2. (a) FT-IR spectrum of L1, and (b) FT-IR spectrum of [CrL1(bipy)Cl2]Cl complex. 

Magnetic measurements    

For Cr(III) compounds, the results of the magnetic measurements (Table 1) show magnetic 
moment values of 3.01, 3.10 B.M. These data suggest that the metal ions are paramagnetic and 
contain three unpaired electrons [21]. 

A high spin octahedral configuration has been indicated by the magnetic moment values of 
manganese(II) compounds observed at 5.34 and 5.45 B.M. [22]. Three unpaired electrons in the 
Co(II) ion are indicated by the magnetic measurements (4.53, 4.63 B.M.) for Co(II) compounds, 
which is suitable for their octahedral geometry [23, 24]. The magnetic moment values of nickel(II) 
compounds (2.98, 2.99 B.M.) are in agreement with the magnetic susceptibility value (2.9-3.3 
B.M.) for Ni(II) octahedral compounds reported in  the literatures [25]. The copper(II) complex's 
monomeric structure was confirmed by a magnetic moment of copper(II) of 1.74 BM, 1.76 B.M. 
The values of magnetic moment found for the metal(II) compounds were in agreement with the 
octahedral geometry proposed for each compound synthesized in this work. It was discovered that 
two chlorine atoms from the metal salts coordinated to the metal center to balance the coordination 
number. This was verified gravimetrically, and the results of the elemental analysis  confirmed it 
[26]. 

(

(
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Electronic spectra 
 

The UV-Vis spectra of metal ion complexes at 10-3 M solutions in DMSO were recorded at 200–
1000 cm-1 (25 ᵒC). Table 3.summarizes ligands and compounds' electronic spectrum absorptions. 
The aromatic (C=C) group's intra-ligand π→π* transition formed the first of two major bands in 
electronic spectra of Schiff-base, which appeared at 47847 cm-1 (209 nm). The imine (-C=N-) 
group induced n→π* transition, which led directly to the other band at 34246 cm-1 (272 nm) [27] 
(Table 3). The ligands (bipy, phen) showed peaks at 42553 cm-1 which were allocated to the n→π* 
transitions as a consequence of the C=C  group and 35587 cm-1 which were due to π→π* transition 
[28-31]. The ligand-metal ion coordination was clearly shown by the shifting transition caused by 
the metal-ligand interaction [32]. Three absorption bands were observed, with the main band 
containing secondary peaks at 25252 and roughly 34013 cm-1, respectively. The distortion of the 
octahedral geometry in Cr compounds is propped by these bands [33]. The octahedral geometry 
of 6A1g→4 E2g is propped by the electronic spectra of Mn compounds, which reveal 5.34, 5.45 
B.M. configuration. The electronic spectrum of [CoL1(bipy)Cl2] and [CoL1(phen)Cl2]  compounds 
shows three bands: (14529-14925) ,(19 342-19423) and (22703-22 730) cm-1 owing to transitions 
4T1g (F) → 4T2g (F) (1), 4T1g (F) → 4A2g (F) (2) and 4T1g (F) → 4T1g (P) (3) suggesting an 
octahedral geometry. Regarding d-d transitions, the electronic spectrum of  [NiL1(bipy)Cl2] and 
[NiL1(phen)Cl2] complexes  revealed peaks at 16286, 16393 cm-1 and 22670, 22760 cm-1 due to 
[3A2g (F) → 3T1g (F) and 3A2g (F) → 3T1g (P)] transitions respectively, suitable for the octahedral 
geometric structure. 

In compounds of Cu(II) electronic absorption spectra showed two peaks at 17100, 18050 and 
28571, 28517 cm-1 that were connected with the transition 2B1g → 2A1g. Below 10,000 cm-1, no 
spectral groups were observed, indicating octahedral structures [34-36]. There was no d-d 
transition and only one band at 35211, 33350 cm-1 in Zn(II) compound spectra, because of ligand-
metal charge transfer (C.T.). Since the ligand's Zn(II) compounds were determined to be 
diamagnetic as estimated [22]. These compounds are assigned an octahedral geometry with six 
coordinates. 

 
Table 3. Electronic spectral values of L1 (Schiff-base), L2, L3 and their compounds. 

No. Compound µeff (B.M.) 
Electronic transitions (cm-1) 

d-d Charge transfer 

L1 Schiff base - - 
34246 
47847 

L2 Bipy - - 42553  
L3 Phen - - 35587 
1 [CrL1(bipy)Cl2] Cl 3.01 25252 34013 
2 [MnL1(bipy)Cl2].2H2O 5.34 - 35211 
3 [CoL1(bipy)Cl2] 4.63 14925,19342,22730 37037 
4 [NiL1(bipy)Cl2] 2.99 16393,22670 37370 
5 [CuL1(bipy)Cl2].2 H2O 1.76 18050,28571 31159 
6 [ZnL1(bipy)Cl2].3H2O Dia. - 33350 
7 [CrL1(phen)Cl2] Cl 3.10 25524 35144 
8 [MnL1(phen)Cl2].2H2O 5.45 - 34356 

9 [CoL1(phen)Cl2] 4.53 14947,18796,21928 38167 

10 [NiL1(phen)Cl2] 2.98 16286,23260 38615 
11 [CuL1(phen)Cl2].2 H2O 1.74 17995 32610 
12 [ZnL1(phen)Cl2].3H2O Dia. - 35211 

NMR spectra 

The ligand [L1] and complex (6) 1H-NMR and 13C-NMR spectra were obtained in DMSO-d6 
(Table 4). Proton-NMR spectra data of Schiff–base (L1) shows the band at δ 11.06 ppm related to 
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the proton of (NH) group as single. At chemical shift δ 6.56 ppm due to protons of the (NH2)group 
as single .The singlet proton of (-HC=N) pyrimidine ring  at δ 7.05 ppm. The aromatic protons at 
δ (7.43-7.52) ppm as multiple. The related methyl protons in the (OCH3) group can be seen as a 
single peak at 3.72, 3.61 ppm integrated for three protons. At 2.5 ppm, the DMSO signal appeared 
[23] (Figure 3a). The spectrum of the complex Zn(II) (Figure 3b) displayed multiple signals. 
Integration revealed that these signals are equivalent to twenty nine protons, which are assigned 
to Schiff base and bipy protons. These signals overlap because the protons' frequencies are within 
convergent shifts. 
 

 

Figure 3. (a) 1H-NMR for L1 (Schiff base), (b) 1H-NMR for [ZnL1(bipy)Cl2].3H2O, (c) 13C-NMR 
for L1 (Schiff base), and (d) 13C-NMR of [ZnL1(bipy)Cl2].3H2O. 

(c) 

(d) 

(a) 

(b) 
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Figure 4. (a) Mass spectra of (L1) and (b) mass spectra of complex [CoL1(phen)Cl2]. 

Table 4. 1H, 13C-NMR spectral data () of (L1) and some compounds. 

In the 13C-NMR spectra, chemical shifts of (L1) at (184.4) ppm and (159.4) ppm were 
attributed to (C=N) and C=O bonds. Chemical shifts of C atoms in the pyrimidine ring were found 
to be (152.7 ppm and 150.7 ppm), respectively. Signals linked to aromatic carbon at 105.8 and 
138.4 ppm. The two chemical shifts at (55.8) ppm and (32.9) ppm were referred to carbon atoms, 
respectively (Figure 3c-d). Also, the chemical shift at (40.2) ppm is due to DMSO-d6.  

Compounds 1H-NMR spectra  13C-NMR spectra 

L1 (Schiff base) 

δH  (400 MHz, DMSO-d6) 11.06 (1H, s), 7.57 
(2H, td, J 7.8, 1.2 Hz), 7.52 – 7.43 (2H, m), 
7.05 (1H, dd, J 11.0, 3.9 Hz), 6.90 (2H, d, J 
7.9 Hz), 6.56 (2H, s), 3.72 (6H, s), 3.61 (3H, 
s), 3.53 (2H, s). 

δC (101 MHz, DMSO-d6) 
184.4, 159.4, 152.7, 150.7, 
138.4, 124.7, 122.8, 117.8, 
112.2, 105.8, 6.0, 55.8, 32.9. 
 

[ZnL1(bipy)Cl2].3H2O 
 

δH  (400 MHz, DMSO-d6)  11.05 (1H, s), 8.74 
– 8.51 (4H, m), 8.17 (1H, s), 7.67 – 7.55 (4H, 
m), 7.49 (2H, d, J 7.4Hz), 7.06 (2H, t, J 7.5 
Hz), 6.91 (2H, d, J 7.9 Hz), 6.58 (2H, s), 3.73 
(6H, s), 3.62 (3H, s), 3.57 (2H, s). 

δC (101 MHz, DMSO-d6) 
184.4, 163.4, 159.4, 152.8, 
150.7, 148.8, 138.4, 136.0, 
125.8, 124.7, 122.8, 121.7, 
117.8, 112.2, 106.0, 6.0, 55.8, 
32.4 

(a) (b) 
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Mass spectrum 
 
To evaluate the molecular weight and fragmentation pattern of the ligand (L1) and complex          
[CoL1(phen)Cl2], a mass spectrum was carried out (Figure 4a,b). 

According to the results of the magnetic susceptibility, conductivity measurements, elemental 
analysis, electronic spectra, 1H, 13C-NMR and mass spectroscopies, the proposed structures of the 
above-mentioned compounds can be illustrated as follow (Figure 5a-d).  

 

 

Figure 5. Proposed structure (a) ML1(bipy)Cl2].nH2O, (b) ML1(phen)Cl2].nH2O, M = M n2+, Co2+, 
Ni2+, Cu2+, Zn2+, n = 2-3, (c) CrL1(bi PY)Cl2]Cl and (d) CrL1(p hen)Cl2]Cl. 

Antimicrobial studies 

Bacteria , namely Staphylococcus aureus and Bacillius subsitils using the disc diffusion method, 
these bacteria were chosen due to their importance in the medical field and the fact that they cause 
a number of diseases and differ in the nature of their resistance to antibiotics and various 
medications. The inhibitory results shown in Figure6 indicate that some of the prepared 
compounds whose effectiveness was tested have the ability to inhibit the bacteria used. 

It is clear from the inhibitory activity table that some of the prepared compounds have activity 
against the bacteria used, as the compound (Co) showed an inhibitory activity against (staph. 
aureus) bacteria of (20), which is a higher value than the ligands and control agents (ceftriaxone, 
ciprofloxacin. Likewise, the other compounds (Cr, Mn, Ni, Cu, Zn) showed effectiveness 
inhibitory activity of (14-16) respectively against (Staph. aureus) bacteria, these values are greater 
than the values of Ceftriaxone used as control factor. Compounds (Cr, Ni) also showed inhibitory 
activity against Bacillus bacteria of (12, 14) respectively, which is the highest factor than ligands 
(15). The compounds (Mn, Co, Cu, Zn) also showed an inhibitory capacity of (10, 11) against 
Bacillus bacteria, which is a lower value than the control factors used in Figure 6. 

(a) (b
) 

(c) (d) 
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Figure 6. (a) Effect different concentration of materials on the growth of Bacillus subtillis and 
Staph. aureus and (b) inhibition zones(mm) of complexes with ligands for two types of 
bacteria. 

(a) (b) 
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CONCLUSION 
 

Cr3+, Mn2+, Co2+, Ni2+, Cu2+, Zn2+ ions  and Schiff base L1, nitrogen bases (L2, L3) (bipy, phen)  
were synthesized and characterized spectroscopically in mixed-ligand compounds. Infrared 
spectra of Schiff base showed an azomethine peak shift in compounds that coincide synthesis and 
coordination of Schiff base through nitrogen atom of azomethine (C=N) and oxygen atom of 
carbonyl groups (C=O) of L1 with metal ions. L2 (bipy, phen) coordinated through the nitrogen 
atoms of the di imine ligands. Conductance measurements indicated the non-conductance nature 
of all the compounds, with the exception for Cr(III) compounds this result is consistent with the 
expected molar conductance value for a 1:1 electrolyte in DMF. Magnetic susceptibility analysis 
and electronic spectra indicated octahedral geometry for all compounds. The biological activity 
of prepared compounds had been evaluated in contradiction of pathogenic microbes 
Staphylococcus aureus, bacillus subtilis. The antibacterial data showed that complexation 
improved upon mixed ligands as both were active against the isolates tested. Some compounds 
possess advanced antibacterial action than Schiff base in contradiction of tested microbes.  
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