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 Mo(VI), and Mo(IV) complexes with two Schiff base ligands derived from 

salicylic acid hydrazide with 4-dimethylaminobenzaldehyde and 4-

Nitrobenzaldehyde have been prepared and characterized by several techniques: 

infrared and electronic spectra, magnetic susceptibility, molar conductance 

measurements, and the metal content in complexes are estimated by gravimetric 

analysis. Based on this study square pyramidal structure for Mo(IV) complexes and 

octahedral structure for the Mo(VI) complexes are proposed. The biological activity 

of these are studied against two strain gram +ve bacteria (Staphalococcus auras, 

P.aeruginosa) and two strain gram -ve bacteria (E.coli, Enterococcus ) and yeast 

Candida albicans to assess their inhibiting potential. The results show the two ligands 

are inactive against Staphalococcus auras and they  have moderate activity against the 

rest microbactrial organisms, the antimicrobial screening show that complex [MoO 

(Lb)2] exhibit the most activity against the two types of bacteria and the complex  

[MoO (La)2]  exhibit the most activity against the yeast Candida albicans.  
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Introduction 

Transition metal complexes of Schiff bases 

have been the most widely studied coordination 

compounds in the past few years due to their unusual  

magnetic properties, novel structural features and 

relevance to biological systems.(1) Metal complexes 

play an essential role in many fields such as oxidation 

catalysis, electrochemistry, agriculture, 

pharmaceutical, and industrial chemistry.(2) The 

coordination chemistry of molybdenum in the 

oxidation states +4, +5, and +6 has received much 

attention recently due to the realization that 

molybdenum in these oxidation states is an essential 

trace element in a variety of redox enzymes.(3) The 

oxidation state of molybdenum in the oxocomplexes is 

determined by the number of oxo-groups attached to 

molybdenum.(4)Mo(IV) complexes with ligand 

hydrazine carboxamide and  hydrazine carbothioamide 

showed antibacterial activity against Staphalococcus 

auras and xanthomonas compestris.(2). 

 

 

* Corresponding author at: University of Anbar - 

Veterinary Medicine College. E-mail address:  

  

 In order to study the physical, and 

antimicrobial properties of Schiff base with (O,N) 

donor atoms complexes of oxomolybdenum(VI) and 

(IV) , two Schiff base ligand derived from salicylic 

acid hydrazide with 4-dimethylaminobenzaldehyde 

and 4-Nitrobenzaldehyde  have been taken as potential 

(N,O) bidetentate ligand containing two donor atoms. 

The aim of the present study is to prepare, 

characterize, and determine the antimicrobial activity 

of Mo(VI),  Mo(IV) complexes with two Schiff base 

ligands derived from aroyl hydrazide containing (O,N) 

donor atoms. 

 
La  

                                                
Lb 
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Material and Methods 

All chemicals used in this work are of 

analytical reagent grade and used as received from 

supply, salicylic acid hydrazide and Schiff base 

ligands are prepared according to literature methods.(5 

,6) The starting complex [MoO2(acac)] is prepared as 

described in the literature(7) Melting points are 

recorded with Stuart  melting points apparatus SMP30 

and are uncorrected. IR spectra are recorded on 

SHIMADZU FTIR-8400  spectrophotometer in the 

frequency range 4000-400 Cm-1 the measurements are 

carried out with samples in KBr disc, magnetic 

susceptibility measurements for Mo(IV) complexes 

are measured by using the equation 

µeff=2.82(XMT)1/2 B.M., and carried out on 

Magnetic Susceptibility Brucker B.M at room 

temperature , UV-Visible spectra are recorded by 

using JENAY 6405 UV/VIS. Spectrophotometer in 

range 1200-200 nm in DMF , molybdenum is 

analytically determined according to the literature,(8). 

The molar conductivities of complexes measured by 

using Martin instrument Mi 805 and the antimicrobial 

activity of the prepared complexes are evaluated by 

the agar well diffusion. The organisms used are local 

(Staphalococcus auras, Enterococcus, E.coli, 

P.aeruginosa and yeast Candida albicans) . 

 

Preparation of  Schiff  base  ligands 

To solution of 0.005 mole (0.76) g of salicylic 

acid hydrazide in 25 ml of absolute ethanol, 0.005 

mole (0.746) g of 4- dimethylaminobenzaldehyde, or 

0.005 mole (0.755) g of  4-nitrobenzaldehyde in 25 ml 

of absolute ethanol are added separately  and the 

mixtures were refluxed for 4 hours where by yellow 

solids are precipitated. The solids are filtered, washed 

with ethanol several times, dried in vacuum in 

presence of CaCl2, and recrystalzied in ethanol.(6) 

Scheme(1). 

 
Scheme (1). The preparation of two Schiff base 

ligands. 

Preparation of Mo(VI) complexes: [MoO2La2] 

and[MoO2Lb2] 

Into a stirred suspension of MoO2(acac)2 (0.001) 

mole (0.3) g in absolute methanol (20) ml, methanolic 

solutions(15) ml of the two Schiff base ligands (0.002) 

mole (0.56) g of La and (0.57)g of Lb are added 

separately and slowly with constant stirring and 

refluxed for two hours. The colored products are 

separated out, filtered, and washed with methanol 

dried in air. 

 

Preparation of Mo(IV) complexes: [MoOLa2] 

and[MoOLb2] 

 Methanolic solutions (20) ml of MoO2(acac)2 

(0.001) mole (0.3) g, each Schiff base ligands (0.002) 

mole, and (0.001) mole (0.262) g of 

triphenylphosphine were added separately and  slowly 

with constant stirring and refluxed for 30 minutes. 

Greenish yellow colored products were separated out. 

The products were filtered and washed with methanol 

and dried over CaCl2.  

 

Antimicrobial activity  

The overnight cultures (0.2 ml) of each 

bacterium are dispensed into 20 ml sterile nutrient 

broth and incubated for about 3-5 h to standardize the 

culture. A loopful of the local cultures is used for the 

antibacterial assay. Muller Hilton agar is prepared and 

20 ml of sterilized media is poured in to petriplates 

and allowed for solidification. The bacterial lawn 

culture is made using sterile cotton swab and labelled. 

The plates are incubated immediately at 37 °C for 24 h. 

Activity is determined by measuring the diameter of 

zones showing complete inhibition (mm). (9)    

 

Results and discussion 

Aroylhydrazide are N and O donor atoms 

which potentate the formation of polydentate Schiff 

base ligands. The lactam (keto) or lactim (enol) 

tautomeric forms  scheme (2) give variation to the 

donating properties of the ligands. 
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Scheme(2): keto and enol forms of Schiff base ligands 

 

All the complexes are colored, solids and are 

stable in air. All complexes melt over 350 °C and they 

are soluble in DMSO and DMF as shown in the 

table(1). 

Table (1) the analytical and physical data of Schiff base 

ligands and its complexes 
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Infrared Spectra 

In order to study the bonding mode of ligands to 

metal ions in the complexes, IR spectrum of the free 

ligands are compared with the spectra of metal 

complexes. The most characteristic IR spectral bands 

of the ligands and their complexes are discussed in 

Table (2). The IR spectra of the two free ligands 

contain characteristic bands at  around 3110 Cm-1, 

1650 Cm-1, and 1620 Cm-1 due to υ(OH), υ(C=O) and 

υ(CH=N) respectively. In the IR spectra of the 

molybdenum complexes the bands at around 1650 Cm-

1 and 3250 Cm-1 due to υ(C=O), and υ(N-H) 

disappeared as the ligands coordinate from the oxime 

oxygen and the band around 1615 Cm-1 due to 

υ(CH=N) shifted to around (1590-1595) Cm-1  for the 

four complexes as the N of (CH=N) coordinate to the 

molybdenum, There are additional new vibrations 

between 1140-1150 Cm-1 due to υ(C-O) of enol form 

of ligands and there are characteristic bands for 

υ(Mo=O) cis at around 841-920 Cm-1, for Mo(VI) 

complexes , and υ(Mo=O) at around 920 Cm-1 for 

Mo(IV) complexes(4) , and there are additional bands 

observed at around 1610 and 1615  Cm-1 are attributed 

to the < C=N-N=C> (9) , 480-530 Cm-1 and 418-454 

Cm-1 due to υ(Mo-O) and υ(Mo-N) respectively.  

 

Table (2)  characteristic IR bands spectral bands of 

ligands and its complexes in Cm-1 
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Electronic Spectral and Magnetic Moment Data 

The electronic spectra and magnetic moments of 

the ligands and their metal complexes are disused in 

Table (3). 

The absorption bands of the complexes will help 

to give an idea of their structure. The electronic 

spectra of the two ligands and all complexes in DMF 

are at room temperature Table (3). The aromatic band 

of the ligands at 258 nm is attributed to π→π* 

transition of benzene ring. The band at 395 nm is 

attributed to n→π* transition of the non-bonding 

electrons (10). The electronic spectra of molybdenum 

(VI) complexes display shoulder in 380,485 nm region 

and two strong absorption are located in the 250,262 

nm region due to L-Mo(d π) LMCT and interaligand 

transition respectively.(11) The Mo(IV) complexes 

showed strong bands at 495 nm represent one of the d-

d transition in the d2 system. The magnetic 

susceptibility measurements of the Mo (IV) complexes 

show µeff=2.3 B.M, where as Mo (VI) complexes are 

diamagnetic. From this octahedral structure of Mo 

(VI) complexes are proposed and square pyramidal for 

Mo (IV) complexes are proposed. 

 

Table (3). the electronic spectra, magnetic moments, 

and molar conductivity of ligands and its complexes in 

1X10-3M in DMSO. 
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The proposed structures of Mo (VI) complexes 

 
  2 MoO (La)   

 
2 MoO (Lb) 

The proposed structures of Mo (IV) complexes 

 

Conductivity Measurement 

The molar conductance of the prepared 

complexes is determined at concentrations of 1x10-3 M 

at room temperature in DMSO and DMF solvents, 

Table (3). Show values in range (5.4-8.49) Mho 

Cm2.mol-1 for all complexes indicating that the 

complexes are non electrolyte (12).  

 

Antimicrobial Activity 

The Schiff base ligands and its molybdenum 

complexes are evaluated for antimicrobial activity in 

concentration of 100 ppm. against two strain gram +ve 

bacteria (Staphalococcus auras, P.aeruginosa) and two 

strain gram –ve bacteria (E.oli, Enterococcus) and 

yeast Candida albicans. The antimicrobial results are 



P- ISSN  1991-8941   E-ISSN 2706-6703           Journal of University of Anbar for Pure Science (JUAPS)     Open Access                                                     

2012,(6), (1 ) :35-40                              

 

39 

given in Table (4). These observations show that the 

two Schiff base are inactive against staphalococcus 

auras, whereas the prepared complexes are active.The 

metal complexes show higher activity than the ligands 

against all the bacteria and the yeast. Chelation may 

enhance the biochemical potential of bioactive organic 

species (13). The antimicrobial screening show that 

complex [MoO (Lb) 2] exhibits the most activity 

against the two types of bacteria and the complex 

[MoO (La)2]  exhibit the most activity against the 

yeast. It has been suggested that the ligands with the N 

and O donor system might have inhibited enzymes 

production, since enzymes that require free hydroxyl 

groups for their activity appear especially susceptible 

to deactivation by the ions of the complexes.(14)  Such 

increased activity of the metal chelates can be 

explained based on chelation theory. On chelation, the 

polarity of metal ion will be reduced to greater extent 

due to the overlap of the ligand orbital and partial 

sharing of the positive charge of the metal ion with 

donor groups. Further, it increases the delocalization 

of π electrons over the whole chelate ring and 

enhances the penetration of the complexes into lipid 

membranes blocking of the metal binding sites in the 

enzymes of microorganisms.(15) 

 

Table (4) Antimicrobial activity of ligands and its 

complexes in (mm) (concentration of 100 ppm in DMSO 

solvent: 
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9.4 10.5 11.2 8.8 15.3 ]2(Lb)2[MoO 
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ائية المنح  ( مع قواعد شيف ثنIV( و الموليبدينوم)VIمعقدات الموليبدينوم) صتحضير وتشخي
 المشتقة من السالسيلك أسيد هيدرازايد ودراسة فعاليتها البايولوجيه 

 عثمان إبراهيم حمادي 

 الخلاصة
داي مثييي  -4سالسيييلأ يديييد ايديا ايييد مييع ميين ال المشييةقة( مع اثنين من قواعد شيي   IV(و)VI) بحالات تاكسدية للموليبدينوم  تم تحضير معقدات

الةوصيييل ة ،ط يي  اعشييعة تحيير الحمييراف واعط يياي الالقةرون يية ةييول البن سيي  ة والمر  يية  :ناتروبنزالديهايييد وتييم تشا بييها بعييد  تقن ييات-4امينوبنزالديهايييد و
 اقةييرا اعةمييادا علييا نةييا ا اييسا الديادييات تييم  0ام الةحلييي  القراةييامةري الحساد ة المغناط س ة وتم تقدير نسيي ة ال لييز ةييق المعقييدات بادييةاد، ق ادات  المولايية  

تيييم ديادييية ال عال ييية ال ايولود ييي  لقواعيييد شييي   .( IVالموليبيييدينوم )وشيييف  اييير م يبييياعق لمعقيييدات ( VIالموليبيييدينوم ) شيييف  ةراثيييق ثميييانق السييي و  لمعقيييدات 
  وضييد الامييير  ( Staphalococcus auras, P.aeruginosa E.coli, Enterococcus)ضييد نييوعين ميين ال فةريييا المود يية والسييال ة ومعقييداتها

Candida albicans  ثير ةعالة ضدين الل فاند كلا  يظهرت النةا ا انStaphalococcus auras   كمييا مةود   ال عال ة ت اا بق   الإح يياف الم هرييية و
ليي   [MoO (La)2]حضر  ت اا دم ع  ال فةريا المسةادمة وبينر ييضييا ين المعقييد ل  يعلا ةعال   من بق   المعقدات الم [MoO(Lb)2] وبينر ين المعقد

 Candida albicans .يعلا ةعال   ت اا الامير  

 


