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Abstract 
     In this work, the m-phenylene diamine and resorcinol have been used in the 

synthesis ligand [m-phenylene bis(azo resorcinol)] tetradentate type (N2O2). 

     The tetra dentate ligand was reacted with the metal ions Mn(II),Fe(II)and Zn(II 

)in (2:2) mole ratio via reflux in Ethanol using Et3N as a base to give binuclear 

complexes of genral formula [M2(L)2(H2O)4]. The synthesized compounds were 

characterized by spectroscopic methods [I.R, UV-VIS and A.A] along with 

melting point, chloride content and conductivity measurements. These studies 

revealed an octahedral geometries for Mn(II) , Fe(II) and Zn(II) complexes. 

     The ligand and its complexes exhibited biological activity against the 

Bacillus(G+) strain and the E.coli(G-) strain. 

Introduction 
     Attention have been paid during the last decade the chemistry of the metal 

complexes of ligands containing nitrogen and oxygen as donor  atoms(1), this 

could be due to the stability of such ligand complexes(2) and its biological 

activity along with oxidation catalysis and electro chemical analysis(3,4). m-

Phenylenediamine, also called 1,3-diaminobenzene, is an organic 

compound with the formula C6H4(NH2)2. It is an isomer of o-

phenylenediamine and p- phenylenediamine. It is a colourless solid. m-

Phenylenediamine is used in the preparation 

various polymers including aramid fibers, epoxy resins, wire enamel coatings 

and polyureaelastomers. Other uses for m-phenylenediamine include as an 

accelerator for adhesive resins, and as a component of dyes for leather and 

textiles m-phenylenediamine is a "coupling agent", used to produce blue 

colors.(5) 
      Resorcinol is benzene-1,3-diol(6), It compound prepared by alkali fusion of 

1,3 benzene disulphonic acid. Resorcinol is produced when any of a large 

number of resins(7). It is one of the main natural phenols in argan oil(8) 

 

http://en.wikipedia.org/wiki/Organic_compound
http://en.wikipedia.org/wiki/Organic_compound
http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/O-Phenylenediamine
http://en.wikipedia.org/wiki/O-Phenylenediamine
http://en.wikipedia.org/wiki/P-Phenylenediamine
http://en.wikipedia.org/wiki/Polymer
http://en.wikipedia.org/wiki/Aramid
http://en.wikipedia.org/wiki/Epoxy_resin
http://en.wikipedia.org/wiki/Elastomer
http://en.wikipedia.org/wiki/M-Phenylenediamine#cite_note-2
http://en.wikipedia.org/wiki/Argan_oil
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.Resorcinol compound had medical uses as an antiseptic and disinfectant, and is 

used 5 to 101 in ointments in the treatment of chronic skin diseases such as 

psoriasis, hidradenitis suppurativa, and eczema of a sub-acute character, and in 

prescription treatments at higher concentrations.(9) Resorcinol is also used as a 

chemical intermediate for the synthesis of pharmaceuticals and other organic 

compounds.(10)Azo compounds are used in a variety of cosmetic (11) and as a 

food coloring(12), and its biological activity along with oxidation catalysis and 

electro chemical analysis(13,14) . The aim of the present study is synthesis, 

characterise and evaluate the metal complexes as antibacterial agent as 

promising addition of new class as metal based drugs. 

Expermental 
         Chemicals used were analytical grades; metals were used as chloride salts. 

I.R data were recorded as (KBr) disc using shimadza 4800s FTIR spectro 

photometer in the range (4000-400) cm-1. (UV-VIS)spectra were obtained at 25 
оC for 10-3 M solution in DMF using a shimadzu 160 spectrophotometer in the 

range (200-900) nm using quartz cell and electrical conductivity measurements 

of complexes were recorded at (25 оC) for (10-3-10-5) M solution in DMF as 

solvent using a pw 9526 digital conductivity meter. . The metal content of 

complexes determined by absorption technique, using shimadza (A.A) 680 G 

atomic absorption spectrophotometer. The chloride content for complexes was 

determind by potentiometric titration method using (686 - titro processor - 665), 

Dosinatmetrm Swiss. And melting points were obtained using an electrothermal 

apparatus Stuart. All measurements were obtained in Ibn-sina company. 

Antibacterial screening was done at laboratories of college of scince, University 

of Baghdad using agar diffusion technique. The metal complexes were screened 

for their in vitro antibacterial activity against one Gram- negative of (E.coli) and 

one Gram+ positive (Bacillus)  bacterial strains. 

Synthesis of Ligand [m- phenylene bis(azo resorcinol)] [H2L] 
        m-phenylenediamine hydro chloride (1881g, 10 mmole) was dissolved in 

warm mixture of 10ml con. HCl and 10ml distilled water contained in 200ml 

beaker kept in ice salt bath (0-5)оC whilst stirring vigorously, m-

phenylenediamine hydro chloride will separate in a finely divided crystalline 

form. Solution of sodium nitrate (1838g, 20 mmole) in 10ml of water was added 

slowly with stirring to an end – point with potassium ioded – starch paper. 

     Resorcinol (282g, 20mmole) was dissolved in a solution of potassium 

hydroxide (0856g, 10mmole) in 10ml water, then cooled in ice bath and added 

to the diazotized solution with stirring.Concentrated hydrochloride acid was 

added slowly and with vigorous stirring, and the filtered with gentle suction, 

washed with distilled water free acid and dried upon filter – paper in the air. 

Yield percent (81%) and dec. (120) оC.  

http://en.wikipedia.org/wiki/Antiseptic
http://en.wikipedia.org/wiki/Disinfectant
http://en.wikipedia.org/wiki/Psoriasis
http://en.wikipedia.org/wiki/Hidradenitis_suppurativa
http://en.wikipedia.org/wiki/Eczema
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Synthesis of Complexes  
Synthesis of the [Mn2(II)(L)2(H2O)4](1) complex  

     (081 g, 085 mmol) of MnCl2.4H2O in(10 ml) ethanol was added drop wise to 

a solution of [H2L] (08175g, 085 mmol) dissolved in (10 ml) hot ethanol, the PH 

of the reaction mixture was adjusted by adding Et3N in equivalent quantity, and 

the reaction mixture was allowed to reflux for 2 hrs. The mixture was cooled in 

an ice bath, brown precipitate was collected, washed several times with absolute 

ethanol and dried, yield (811), m.p (295-300) оC dec. 

Synthesis of [Fe(II)(L)2(H2O)4](2) and [Zn(L)2(H2O)4](3) complexes:- 
     These complexes were obtained in a similar method to that mentioned in the 

preparation of complex(1): using FeCl2.2H2O and ZnCl2. 6H2O. The quantity of 

the compounds were adjusted accordingly.  Table (2)   state the quantity of 

starting materials and some physical properteis of complexes. 

Results and Discussion  
Synthesis of the Ligand 

      The ligand was prepared in high yield using one equivalent of m-

phenylenedi diazonium salt and tow equivalent  of resorcinol at low 

temperature, scheme (1). The I.R spectrum of the ligand showed bands at 

(3209)cm-1 and (3066)cm-1  which could be attributed to υ(OH)-4- and υOH)-6- 

hydroxyl groups respectively, also the spectrum showed bands at (1560)cm-1 

and (1475)cm-1which could be attributed to ν(N=N) stretching ortho and meta 

respectively. Finlly the band at (1236)cm-1 could be attributed to ν (C-O) 

phenolic.  The (U.V-Vis) spectrum for the ligand is shown in Fig (6), the results 

were summarized in Table (4). The Figure exhibited three intense absorption 

peak at (263)nm,(304)nm and (419)nm which assigned to (n- π*),(n-π*) and (π-

π*) transition respectively. 

Synthesis of the complexes 
    The reaction of the ligand ]H2L[ with Mn(III), Fe(II) and Zn(II) salts was 

carried out in ethanol. The analytical and physical data Table(2) and spectral 

data Table(3) and Table (4) are compatible with the suggested structure Fig(1). 

The I.R spectra of the complexes (1),(2) and (3) are shown in Figs.(3,4 and 5). 

The bands at (1560)cm-1 and (1475)cm-1 in the free ligand which assigned to ν 

(N=N) stretching ortho and meta was shifted to lower frequencies and appeared 

at (1508,1473)cm-1, (1502,1473)cm-1and (1504,1473)cm-1indicated the 

formation of the complexes (1),(2) and (3)(15),(16) respectively. 

      These bands were assigned to ν (N=N) stretches of reduced bond order, this 

can be attributed to delocalization of metal-electron denisty into the ligand π-

system (HOMO-LUMO)(17). The phenolic (C-O) stretching vibration appeared 

at (1236)cm-1 in the free ligand was shifted to lower frequencies  and appeared 
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at (1230)cm-1, (1230)cm-1 and (1234)cm-1 in the complexes (1),(2) and (3) 

respectively , indicating a weak linkage between oxygen of phenolic group and 

the metal ions(16),(18) . This shift confirms the particpation of phenolic oxygen in 

the (C-O-M) bond. The spectra of the complexes showed the appearance of new 

bands at (570)cm-1, (570)cm-1 and (570)cm-1 refer to ν(M-N) bond for 

complexes (1), (2) and (3) respectively. The bands confirm also the coordination 

of the azo nitrogen atom to metal center(19),(20).Finally the bands at (432)cm-1, 

(432)cm-1and (432) cm-1`may be assigned to ν(M-O) band of 

complexes(1),(2)and(3) respectively. These confirm also the coordination of the 

phenolic oxygen atom to metal center. The (U.V-Vis) Spectra for the complexes 

are shown in Figs.(7),(8) and (9), the results were summarized in table (3). The 

complex(1) showed  an intense absorption peak at (265) nm due to ligand field 

and two peaks at (304) nm and(416) may assigned to (C.T) transition, while the 

weak peak at (635) nm was assigned to (d-d) electronic transition type 

(3A2g→3T1p3) suggesting Octahedral geometry around the metal ion. This result 

is in agreement with that reported by Abu-EL-Reash and Co-workers(21). On the 

other hand the complex(2) showed three intense  absorption peaks at 

(269)nm,(304) and (416)nm  assigned to ligand field and (C.T) transitions 

respectively, while a weak peak at (730) nm was assigned to (d-d) electronic 

transition type(2E2g→2T2g) suggesting octahedral geometry  around Fe+2ion. 

This result is in agreement with that reported by Kumar and Co-workers(22). 

Finally the complex(3) showed a peak at (210) nm was assigned to ligand field, 

while the peak at (425)nm was assigned to (C.T) transition(23).The metal ion Zn 

of complex belong to d10 system and this metal do not show (d-d)(24),suggestion 

to an octahedral geometry around the zinc(II) ion(19).The molar conductance of 

the complexes in DMF lie in the range(26.58-12825 Ohm-1cm-2 mol-1) ,Table(4) 

,indicated that complexes (Mn(II), Fe(II) and Zn(II)) are all non-electrolyte(25). 

Biological screening                                                                           
         In our study the synthesised compounds have been screened for their 

antibacterial activity against the bacillus (G +) and E.coli (G -) strains by the agar 

diffusion technique(26). Each of the compounds was dissolved in DMF to give a 

final concentration of (08001) mg / ml and from the data shown in Table (1), and 

Figs.10 and 11, compounds (1), (2) and (3) exhibited biological activity against 

E.coli (G -) (In hibition zone= 4, 1.5 and 2 mm). but the compounds (1), (2) and 

(3) exhibited biological activity against Bacillus (G +) (Inhibition zone = 1.5, 

285 and 3 mm). 

Table (1).The biological activity of the synthesised complexes  
Compound Bacillus(G +) E.coli(G-) 

Control 085 085 

Ligand 1 1 

[Mn2(II)(L)2(H2O)4] 1.5 4 

[Fe2(II)(L)2(H2O)4] 285 185 
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[Zn2(II)(L)2(H2O)4[ 3 2 
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               Scheme(1):The preparation of the ligand [H2L] 
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M = Zn         X= H2O     Y= H2O 

                    Fig.(1): The propused structure of the complexes         
                             

Table (2)   : The microanalysis result and some physical properties for the 

ligand [H2L] and its complexes 
      Compound     Formula M.wt Color   m. p. (оC) Yield 

% 

Chloride 

Content  

Metal 

Found , 

Calculate  

H2L 

 

C18H14N4O4  350 orange dec 120    81   Nil - 

[Mn2(II)(L)2(H2O)4] C36H32N8O12Mn2 87788 brown dec(295-300)   81   Nil    1389 

  (1383) 

[Fe2(II)(L)2(H2O)4] C36H32N8O12Fe2 87988 Dark 

brown  

dec(300-303)   76   Nil    1481 

  (1386) 

[Zn2(II)(L)2(H2O)4] C36H32N8O12Zn2 89887 Dark 

orange 

dec(300-305)   80   Nil   15802 

  (1587) 

Table (3) Infrared spectral date (wave number ύ)cm-1 for the ligand [H2L] 

and its complexes 
Compound  υ(N=N)orth 

               

υ(N=N)meta                         

 

υ(O-H)4 

υ(O-H)6 

 

υ(C=C) 

Aromatic 

 υ(C-O)   υ(M-N)   υ(M-O) 

H2L      1560 

     1475 

   3209 

 

   3066 

   

   1618    1236        -        -  

[Mn2(II)(L)2(H2O)4]      1508 

     1473 

   3464 

 

   3450 

   1562    1230       570      432  

[Fe2(II)(L)2(H2O)4]      1502 

     1473 

   3429 

 

   3398 

   1616   1230       570      432 

[Zn2(II)(L)2(H2O)4]      1504 

     1473 

   3414 

 

   3350 

   1616   1234       570      432 

Table (4)   Electronic spectral date for the ligand [H2L] and  its                               

complexes Molar Ratio and Molar Conductivity 
Compound  λnm  ε max 

 molar-

1.cm-1 

    Assignment         Ratio      Λm 

S.cm2.mol-

1 

   

Coordination 

Ligand  263 

 304 

 419 

    362 

    217 

    130 

      (n-π*)  

      (n- π*) 

      (π-π*) 

          -          -            - 

[Mn2(II)(L)2(H2O)4]  265 

 304 

 416 

 635  

   586 

   233 

   127 

    86    

   Ligand field   

       (C.T) 

       (C.T) 

  (3A2g→3T1p3)     

 

    Non elec. 

 

    

     1485 

       

   Octahedral 



Synthesis and spectroscopic and biological activity for binuclear complexes with 

Mn(II),Fe(II) and Zn(II) with ligand type N2O2…………………………. Baidaa K. 

Salman 
 

 572    والسبعون  التاسع العدد،   91 المجلد ، الأساسية التربيةكلية  مجلة

[Fe2(II)(L)2(H2O)4]  269 

 304 

 416 

 730  

    432   

    220  

    121   

     93 

      

     Ligand field   

      (C.T) 

      (C.T) 

 (2E2g→2T2g)  

 

    Non elec. 

 

     

    12825 

   Octahedral 

[Zn2(II)(L)2(H2O)4]   

210 

  

425 

    318 

    109 

    Ligand field  

       (C.T) 

    Non elec. 

 

    26858    Octahedral 

 

 
                                  

 
Fig(2) Infrared spectrum of the ligand [H2L] 

   
Fig(3) Infrared spectrum of [Mn2(II)(L)2(H2O)4] 
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Fig(4) Infrared spectrum of [Fe2(II)(L)2(H2O)4] 

 

                                    
Fig(7) Infrared spectrum of [Zn2(II)(L)2(H2O)4[ 

 



Synthesis and spectroscopic and biological activity for binuclear complexes with 

Mn(II),Fe(II) and Zn(II) with ligand type N2O2…………………………. Baidaa K. 

Salman 
 

 574    والسبعون  التاسع العدد،   91 المجلد ، الأساسية التربيةكلية  مجلة

Fig(7) Electronic spectrum of the ligand [H2L] 
                                

Fig(5) Electronic spectrum of[Mn2(II)(L)2(H2O)4] 

 

 

 
Fig(7) Electronic spectrum of [Fe2(II)(L)2(H2O)4] 
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 Fig(7) Electronic spectrum of [Zn2(II)(L)2(H2O)4] 

 

   
Fig.(17) Effect of compounds towards the E.coli 

                                            

 
 

Fig.(11) Effect of compounds towards the Bacillus 
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 لمعقدات بايولوجيةتحضير ودراسة طيفية و 
  2O2Nد نوع ليكانمع  Zn(II), Fe(II)(Mn, (II)( لنواة بثنائية ا

 
 

 بيداء كريم سلمان
 جامعة بغداد

قسم الكيمياء -ابن الهيثم -كلية التربية  

 
 الخلاصة

  مضيييييلي  تد    ييييي ت resorcinolمييييي   m-phenylenediamine فييييي  ليييييم   تعمييييي   ييييي    ييييي       

)resorcinolbis(azophenylene- m    2 تيبييي ا   تميييو ميييو  يييO2N   وميييو مييي  ما اديييد  تد    ييي  مييي
( (N3Etوب جي    تا اي    2:2 يثا      و ا  تد ا اي   وبنميعدصي  تادزيد وب   خ  م  لا ملاح ب ض  ت ن 

  [4O)2(H2L)(2M]               :ذو ت  تص غد  ت  مد تان ئ د  تن    ت  ا  ت ت ك يو  
( م    ت يئ د -وشخصت ج     ت  ا  ت ب تايق  تا ف د ) لاش د  مت  تم ي ء و لاش د ف ق  تبنامج د 

 .لا صه ر م   ت  صلد د  تكهيب ئ دم ص ص  تمري تد ن صي وق    ت مم  ى  تكد ر و رج ت   لا
 ل  م      تما ح. ك   ا  ت  ت نغنلز و تم يث  و تز ومو  تن  ئج  الاه ك ن  تش    تاي غ   ت ا يح ت
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 acillus(G B+(  ميي  ق   يي ت  تا  ت ييد  تع يث ت ج ييد فييلمهيت  ن  ت  ايي  ت ف  تييد  جيي ه  يي الو مييو  تع  يييي 
   ك ي م   تب. E.coli(G-)     ك ي م م جب

 

 

 


