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Abstract: A new series of mixed complexes were synthesized as[[Mn2(phen)2(L)] +2,[Co (phen)2(L)(H2O)2]
+2, [Ni2(phen)2(L)]+2, 

[Cu2(phen)2(L)]+2and [Hg2(phen)2(L) (H2O)2]
+2by the template reaction between H2L= [2E,2'E)-2,2'-(biphenyl-4,4'-diylbis(azan-1-yl-1-

ylidene))diacetic acid],phen = 1,10-phenanthroline; and M(II) =Mn(II), Co(II), Cu(II),Ni(II) and Hg(II)chloride salts.The structures of 

the compounds elucidated by IR, elemental analysis, and 13C and 1H NMR (only ligand (H2L)).The complexes have 1:2electrolyte 

behavior in ethanol solution. The mixed complexes, their free ligands alongside the corresponding metal salts were screened against 

selected four bacterial isolates as (Staphylococcus aureus), (Escherichia coli), Bacillus and (Pseudomonas).All the mixed complexes 

showed enhanced antibacterial activities compared to their free ligands.  
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1. Introduction 
 
Schiff bases with powerful donor atoms such as imine 
nitrogen and carboxylate oxygen are extraordinary in 
catalysis, structural richness and wide range of biological 
applications[1]. Binuclear Schiff base is coordinate very 
strong with transition metal ions [2] due to their usefulness 
in to understand the nature of exchange interactions 
operating between metals present in polymers ,clusters and 
[3],effective devices [4] therefore they are very important 
in magneto-chemistry [5] and assembly of external 
species[6] and also find in medicine as chemotherapeutic 
agent[7], magnetic resonance imaging contrast agent[8], 
rheumatic drugs are Materials and Reagents: as antiviral, 
antifungal, antibacterial, and anticancer drugs[9]. 
Therefore, the topic of continuous investigation about 
functional and designing structural binuclear complexes 
[10]. 
 
The Schiff base complexes were derivative from nickel 
ions display obvious fungal activities [11], antibacterial 
activities [12], cytotoxic activity [13] and against human 
pathogenic bacteria [14]. Copper and Nickel complexes 
may be acted as therapeutic agents is notable and well 
established [15]. In this work Synthesized mixed binuclear 
Schiff base metal complexes with1,10-phenanthroline and 
tetradentate ligand derived from benzidine as a result of big 
biological applications for ligand and its complexes [16]. 
 
2. Measurements 
 
The following measurements were used to characterize the 
ligand and its complexes .An electro thermal apparatus 

Stuart melting points. Magnetic susceptibilities of the 
complexes were determined on Gouy balance model 7550 
using. The diamagnetic corrections of the complexes were 
computed using Pascal’s constants. FT-IR spectra were 
recorded by using Shimadzu, (FT-IR)-8300, Infrared 
Spectrophotometer in the range (4000-400) cm-1 .Spectra 
were recorded as potassium bromide discs. UV-Vis spectra of 
mixed -ligand complexes in DMSO were determined on 
Shimadzu UV-Vis 1601 spectrophotometer.  
 

 Preparation of binuclearing tetradentate Schiff base 
ligand [10] 
 
The binuclearing tetradentate Schiff base was prepared by 
condensation of(gm, 2m mole)and glyoxylic acid (scheme1n 
reaction in which(0.27gm, 2m mole) of glyoxylic acid 
dissolving in (10) ml of methanol was added to solution 
contain(0.06gm, 1mmole) of(0.27gm, 2m mole) dissolving in 
10 ml of ethanol with continuous stirring,( three drops of 
Glacial acetic acid was added), After complete addition the 
reaction mixture was heated under refluxfor about 4 hours. 
Then the volume of reaction mixture reduced was then by 
slow evaporation at room temperature. The recrystallizing for 
the product occurred by using hot ethanol, finally it was dried 
over anhydrous CaCl2 in desiccators under reduced pressure. 
 
 
 
 
 
 

 

Paper ID: NOV162427 1756



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391 

Volume 5 Issue 5, May 2016 
www.ijsr.net 

Licensed Under Creative Commons Attribution CC BY 

H2N NH2
HO O

O

N NHO

O

OH

O

glyoxylic acidbenzidine

reflex/ Ethanol

3drops HCA

(2E,2'E)-2,2'-(biphenyl-4,4'-diylbis(azan-1-yl-1-
ylidene))diacetic acid

+

 
Scheme 1 Structure of binucleating tetradentate Schiff base ligand 

 
Preparation of Metal Complexes  
 
An aqueous solution of the metal salts containing (0.396g 
MnCl2.4H2O,0.476g CoCl2.6H2O, 0.474g NiCl2.6H2O, 
0.21g CuCl2.2H2O, and0.542g HgCl2) (2mmole) 
respectively with stirring and added gradually to ethanolic 
KOH solution (0.29g,1mmol) of H2L, an ethanolic solution 

of (0.18g ,1mmole) 1,10-phenanthroline was added to the 
mixture in each case by using stichiometric amount (2:1:2) 
(Metal: ligand: phen) molar ratio. The mixture was refluxed 
with constant stirring for about 1~2 hours. The mixture was 
cooled at room temperature yellow precipitate was formed, 
filtered and recrystillized from methanol. 
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Scheme 2: Molecular structure of mixed ligand complexes 

 
NMR spectrum for the ligand (H2L) 
1H-NMR spectrum of the ligand(H2L) in DMSO–d6Table 
(2),Fig. (3) is characterized by the appearance of chemical 
shift related to The proton of the protons aromatic at (7.96-
5.45)ppm.The characteristic signals at (8.06)ppm. is 
assigned to HC=N. The COOH signals is found at (9.98-
10.86) ppm. .The DMSO signal appeared at (2.50) 
ppm.[13].  
 
13C–NMR of the free ligand (H2L) Table (3) Fig(4) shows 
the HC=N peak at (123.45) ppm., the COOH peak 
at(159.83 ) ppm, and carbon peaks for aromatic are 
detected at (112.5-118.41) ppm. the peak at (40.25) ppm. 
assigned to DMSO [14]. 
 

Electronic spectra, agnatic moments and conductivity 
measurements 
 
The magnetic moment for some complexes are displayed in 
Table (5), The Ni (II) (1.86B.M.), Mn(II) (4.56B.M) and Cu 

(II)(1.98B.M) are consist with a tetrahedral geometry andCo 

(II)(5.42B.M) is octahedral geometry, [15]. 
 

The electronic spectrum of ligand (H2L), Figure (3) exhibit 
high intense absorption peaks at (246 nm) (39062 cm-1) and 
(334nm) (29940 cm-1) which due to (π→ π*) and (n→ π*) 
transitions respectively, the data recorded in Table (5). 
 
The electronic spectrum of 1,10-phenanthroline, Figure (4) 
displays high intense absorption bands at (202 nm) (49504 
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cm-1) and (228 nm) (43859 cm-1) which assigned to (π→ 
π*) and band at (264 nm) (37878 cm-1) which assigned to 
(n→π*) transition respectively, the data recorded in Table 
(5)[13].Theses transitions were also found in the spectra of 
the complexes, but they were shifted towards lower in 
range (30769-28571) cm-1 [14]. 
 
The electronic spectrum of [Co(phen)2(L) (H2O)2] +2 
showed one intense peak in (261nm) (38314cm-1) was 
assigned to the ligand field. And another intense peak in 
(350nm) (28571cm-1) due charge transfer transition. And 
the peaks at visible region at (761 nm) (13140cm-1) and 
(832nm)(12019cm-1). Theses peaks are assigned to 
(4T1g(F)→4A2g(P)) and (4T1g(F)→4T2g(F)) (d-d) transitions 
confirming an octahedral structure around (Co+2) ion 
complex[16]. 
 
The electronic spectrum of [Ni2(phen)2(L)]+2displayed one 
intense peak in (259nm) (35211 cm-1) was assigned to the 
ligand field. And another intense peak in (355 nm) 
(28169cm-1) due charge transfer transition. And the peaks 
at visible region at (632 nm)(15822cm-

1),(675nm)(14814cm-1)and(741nm) (13494cm-1).These 
speaks are assignedto (3T1(F)→3T1(P)),(3T1(F)→3A2(F)) and 
(3T1(F)→3T2(F)) (d-d)transitions confirming an tetrahedral 
structure around (Ni+2) ion complex[17]. 
 
The electronic spectrum of [[Mn2(phen) 2(L)] +2 showed one 
intense peak in (276 nm)(36231cm-1) was assigned to the 
ligand field .And another intense peak in (365nm) (26041 
cm-1) due charge transfer transition. And the peak at visible 
region at (784nm) (12755cm-1). Thispeak was assigned to 
(6A1(P) →4E (G))(d-d) transition confirming tetrahedral 
structure around(Mn+2) ion complex [18]. 
 
The electronic spectrum of [Cu2(phen)2(L)] +2 showed one 
intense peak in (331nm) (30211cm-1)due charge transfer 
transition. And the peak at visible region at (673nm) 
(14858cm-1).This peak was assignedto (2T2→2E) (d-d) 
transition confirming tetrahedral structure around (Cu+2) 
ion complex [19]. 
 
The electronic spectrum of [Hg2(phen) 2(L) (H2O)2] +2 
showed absorption peak in (258 nm) (38759cm-1) was 
assigned to the ligand field .And another intense peaks in 
(351 nm) (28490cm-1) and (386nm) (25906cm-1) due 
charge transfer transition. The absence of absorptionpeaks 
atthe visible region indicated nod-d)electronic transitions 
happened, this is a good result for an octahedral structure 
around (Hg+2) ion complex[20]. Where a comparison 
between the data recorded of the free ligand and mixed 
ligand complexes with Mn(II), Cu(II),Co(II), Ni(II) and 
Hg(II)metal ions are given in Table (5).The molar 
conductivities indicate that all metal complexes are 1:2 
electrolytes Table (5). These data together with magnetic 
moment indicate tetrahedral geometry around the Mn(II), 
Cu(II) and Co(II) metal atoms, and square planer geometry 
around Ni(II) , Hg(II)metal atoms studied[21], Table (5). 
 
3. Infrared studies  
 
The FT-IR spectra assignment of the suggested structure of 
Schiff base complexes were formed through regard of their 

infrared spectra.By the comparison method of FT-IR spectra 
of the free ligand and its mixed complexes from the 
coordinated stretching vibration peaks of products [22]. The 
above FT-IR data clearly indicate that the carbonyl groups of 
glyoxylic acid have reacted with the amine groups of 
benzidine through the condensation of the metal [23]. The 
FT-IR spectra of the Schiff base ligand displayed a sharp 
band at (1606) cm-1 referred to υ(C=N) azomethine group, the 
data was tabulated in (Table 3).The FT-IR spectra of the 
complexes which was shifted to lower frequency in range 
(1602-1593) cm-1, this is indicating the involvement of the 
coordination of imine nitrogen to the metal ion [24]. In the 
spectrum of the 1,10-phenanthroline appeared the band(1620) 
due to υ(C=N) azomethine group .On complexation, this band 
was shifted to lower frequency in range (1620-1618)cm-1 for 
all the mixed complexes which suggest that the υ(C=N) 
azomethine group is involved in coordination with1, 10-
phenanthroline compound. In the far IR spectra of the 
complexes, the non-ligand bands spotted at (644-636) cm-1 

region assigned υ (M-N) [25]. 
 
The disappearance υ(OH) band of the Schiff base ligand in 
the spectra of the complexes indicating deprotonation of 
Schiff base ligand prior to coordination. But in 
the[Co(phen)2(L)(H2O)2]+2 and [Hg(phen)2(L) (H2O)2]+2 

complexes appeared broad band at( 3564 cm-1and 3564 cm-1, 
the weak bands at(925cm-1) and (968cm-1) were due to ν(OH) 
and δ(OH) for all the complexes refer to presence to 
coordinate aqua (H2O) [26].On the other hand, aconsiderable 
change in theposition and inintensity to lower wave number 
was observed on complexation with metal ion for the strong 
band in the Schiff base ligandspectrum at1691cm-1, which 
appears due to υ(COO) stretching vibration [27], these 
stretching vibrations are shifted to lower frequencies at 
(1490-1482) cm-1 and (1326-1317) cm-1 for all the complexes, 
(Δυasym.- Δυsym.)=(161-171) cm-1, supporting the idea that the 
ligand coordinate through deprotonated oxygen of 
carboxylate [28].The broad band's at range (3402-3444) cm-

1and the weak bands at (925-968) cm-1were due to ν(OH) and 
δ(OH) for all the complexes refer to presence to coordinate 
aqua (H2O) [29].Conclusive evidence regarding the bonding 
of oxygen to the metal ions is provided by the occurrence of 
bands at (452- 420)cm-1. Accordingly, the ligand was bonded 
to the metal ion via two (COO-) carboxylic oxygen atoms and 
two υ(C=N) azomethine nitrogen atoms therefore the ligand 
is type of a tetradentate. 
 
4. Antibacterial Activity Studies  
 
Finally, the in vitroantibacterial activities of the ligand (H2L) 
and their complexes were tested against (Staphylococcus 

aureus), (Escherichia coli), Bacillus and (Pseudomonas) 
using well diffusion method by nutrient agar as medium at 
(10-3) mole/liter concentration was prepared by dissolving the 
compound in water.The zone of inhibition of bacterial 
evolution around the disc is offered in Fig 3. Table 4 displays 
the deactivation capacity versus the bacteria specimen of the 
synthesized compounds under work [31].  
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5. Conclusion 
 
The N2O2 type Schiff base ligand is prepared from 
glyoxylic acid and benzidine. It acts tetradentate ligand and 
forms mixed complexes with transition ions such as Co(II), 
Cu(II), Ni(II), Mn(II), and Hg(II).The ligand and its complexes 
are characterized using spectra and analytical data .All the 
mixed complexes have higher antimicrobial activity than 
the Schiff base ligand. 
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Table 1: Several of physical properties of prepared lignad (H2L) and its mixed complexes 

  
Calc.))% 

Found 
Colour M.PºC 

 
 
 

Yield 
% 

 

 
 

Molecular 
Weight 

Empirical 
Formula 

Compounds 

Metal N H C 
- (9.46) 

9.21 
(4.08) 
4.40 

(64.86) 
63.67 

Dark 
brown 

171 81 296.28 C14H16N2O4 H2L 

(13.96) 
11.20 

(9.95) 
77.50 

(4.06) 
4.50 

(56.88) 
57.20 

Dark 
yellow 

232 76 844.60 C40H34Co2N6O8 [Co2(phen)2(L)(H2O)2]+2 

(15.20) 
14.30 

(10.89) 
10.60 

(3.39 
3.21 

(62.23) 
62.64 

Greenish 
yellow 

267 68 772.06 [C40H26N6Ni2O4 [Ni2(phen)2(L)]+2 

(14.37) 
14.35 

(10.99) 
10.74 

(3.43) 
3.47 

(62.84) 
62.78 

Pale 
brown 

261 70 764.55 C40H26Mn2N6O4 [Mn2(phen)2(L)]+2 

(16.26 
15.80 

(10.75) 
10.56 

(3.35) 
3.32 

(61.45) 
61.69 

brown 208 84 781.76 C40H26Cu2N6O4 [Cu2(phen)2(L)]+2 

(15.20) 
14.64 

(10.89) 
10.69 

(3.39) 
3.47 

(42.59) 
41.89 

brown 215 73 1127.91 C40H34Hg2N6O8 [Hg2(phen)2(L)(H2O)2]+2 

 
Table 2: 1H-NMR Chemical shifts for Ligand (H2L) (ppm in DMSO) 

C-Haromatic HC=N COOH 
123.28-136.56 147.26 162.87 

 
Table 3: 13C-NMR Chemical shifts for Ligand (H2L) (ppm in DMSO) 

 
 
 

 
Table (4): Infrared spectral data (wave number υʹ) cm–1for the ligand (H2L), and its complexes 

Compounds υOH υC-
Harom 

υC-H 
aliph 

υC=
O 

υ(C=N)
imine 

υassm.C
OO– 

υsym.C
OO 

∆υc
m1 

δOHr

oking 
M–N 
M–O 

H2L 3352 3053 2998 1678 1606 
 

- - - - - 

1,10-phenanthroline - 3034  - 1620 - - - - - 
[Co2(phen)2(L)(H2O)2]+2 3564 3049 2937 - 1616 

1600 
1482 1320 162 842 640 

452 
[Ni2(phen)2(L)]+2 - 3055 2991 - 1618 

1600 
1487 1326 161 - 644 

420 
[Mn2(phen)2(L)]+2 - 3072 2987 - 1614 

1602 
1490 1322 168 - 636 

428 
[Cu2(phen)2(L)]+2 - 3064 2999 - 1612 

1598 
1496 1325 171 - 644 

448 
[Hg2(phen)2(L)(H2O)2]+2 3562 3049 2937 - 1611 

1593 
1486 1317 169 846 638 

442 
 

 
 
 
 
 
 
 
 

 

HC=N C-H aromatic COOH 
3.87 5.85-8.35 10.86 
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Table 5: Electronic spectral data of the ligand (H2L) and its mixed complexes 
Compound µeff 

 
ᴧm 

S.Cm
2

molar
-1 

λnm 
 

υ–wave 
number cm–1 

Assignments  

H2L - - 246 39062 π→π* - 
334 29940 n→π*` 

1,10-phenanthroline - - 202 49504 π→π* - 
228 43859 π→π* 
264 37878 n→π*` 

[Co2(phen)2(L)(H2O)2]+

2 
5.42 76 261 38314 L.F Octahedral 

350 28571 C.T 
761 13140 4T1g(F)→4A2g(P)

 

832 12019 4T1g(F)→4T2g(F)
 

[Ni2(phen)2(L)]+2 1.86 
 

73 259 35211 L.F Tetrahedral 
355 28169 C.T 
632 14814 3T1(F)→3T1(P)

 

675 15822 3T1(F) →3A2(F)
 

741 13494 3T1(F) →3T2(F)
 

[Mn2(phen)2(L)]+2 4.56 75 276 36231 L.F Tetrahedral 
365 26041 C.T 
784 12755 6A1(P) →4E(G)

 

[Cu2(phen)2(L)]+2 1.98 77 331 30211 C.T Tetrahedral 
673 14858 2T2→2E 

[Hg2(phen)2(L)(H2O)2]+

2 
Dia 79 258 38759 L.F Octahedral 

351 28490 C.T 
386 25906 C.T 

 
Table 6: Diameter of zone of inhibition (mm) 

pseudomonas Bacillus Staphylococcus 

aurous 
Escherichia. 

Coli 

Comp. 

2 4 1 - H2L 
13 10 7 3 [Co2(phen)2(L)(H2O)2]+2 
9 11 8 5 [Ni2(phen)2(L)]+2 
12 9 12 9 [Mn2(phen)2(L)]+2 
8 6 10 6 [Cu2(phen)2(L)]+2 
10 12 8 7 [Hg2(phen)2(L)(H2O)2]+2 

 

 
Figure 1: The IR spectrum of the ligandH2L 
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Figure 2: The IR spectrum of the [Ni(phen)(L)] +2 complex 

 
Figure 3: The1H-NMR spectrum of the ligand (H2L) 

 
Figure 4: The 13C-NMR spectrum of the ligand (H2L) 
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Figure 5: Difference between the antimicrobial activity of ligand(H2L)& mixed complexes 
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