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Abstract 

       New mixed ligand  complexes of cobalt(II), nickel(II), copper(II), zinc(II)  and 

cadmium(II) were prepared and identified. We prepared new azo imidazole compound and 

investigated the ternary complexes of  (4- SuMBAI ) and  ( 1,10-Phenanthroline ) with 

different transition metal ions by available analytical and spectral tools. Based on data 

obtained, the octahedral geometry was suggested for all mixed ligand complexes.                 
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 الخلاصة

 ذلب    (SuMBAI=L -4) حضون هذا البسث حسضيز هزكب  زس  خيدبي هقبخن هبن ااهيبياس    هب                      

س اج إ ةإهيبياس   اادبيبصبفخ  هيث كسبي ننيبل  -5ثنائي ) -4,5لوزك  اس اج هلر اليداس ني م لولر السلفانيل أهادي هع إب

يبت  الييفيبت الوخازبت هنابا الخسليبل البياين ني هسيط ااديي كس لي. شبص  اللياانبي ب بي حزهبيب   حن يخب  بال هبائل الخسليل

 وزكب  ازس لالوزئيبت  حسبج السوبزام كوبا زضبزث ب با ه  بياث هبشدح اللياانبي  –لل ناصز  الأش ت نب   البنفسبديت 

د ناث كل هبن الا بلبج  النيابل  النسباص  الصارصبين  الابا هي م لأ  نينانثز لين -1,11) هع اللياانيإهيياس   الوذك ر 

)  قسنت الو خبت  ذل  هن هفادلت الوساليل الوائيت للأد ناث الوذك رة هع هسل   كس لي لوشدح اللياانيدن  بنسببتثنائيت ال

ايببا الاخلبت  ايببا هنابا  .  ابي حبن الخ ببزى دلبة ه دببت اللياانبي  ه  ياحبب  دبن ازدبن  هببائل الخسليبل الوخازببت  1: 1: 1

 الخسليل الياين لل ناصبز  زسبان نسببت  الوزئيت - الاش ت  ن   البنفسديت   الاش ت حسج السوزام   الزنين الوغناايسي

 هبن لاب   نخبائح هبذض الخساليبل حببن  .الفلبش نبي ه  بيض نضب  دبن السساهبيت الوغناايسبيت  الخ صببيل الاازببائي الوب لاري

        ااخزاذ القال ثواني السي ذ لدويع ه  ياث هشدح الليااني الوسضزة. 

1. Introduction 

     Imidazole is a commonly named of 1,3-diaza-2,4-cyclopentadiene[1]. This compound 

and their derivatives play an important role in many areas such as medicinal chemistry [2], 

material sciences for nonlinear optical application [3], in addition of some imidazole 

derivatives are used as a catalyst in industrial uses [4]. Azo imidazole  molecules bears the 

azoimine (–N=N–C=N–) functional group, and it is an efficient π– acid system, therefor 

these organic  molecules used as ligand to forming stable complexes with 3d-transition 
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metal ions  and  non-transition  (Group 12 elements ) metal ions [5-9]. On the other hand, 

1,10- phenanthroline (1.10- phen )  classified as chelating nitrogen donor ligand which it 

form stable complexes with transition and non-transition metal ions, since their 

coordination may affect the properties of the photosensitive group giving rise to an optical 

response [10- 12]. It is well known been also reported that some ternary complexes of  ( 

phen)  have an antitumor activity where it inhibited DNA or RNA polymerase activities 

[12, 13].                In this paper, we report the preparation of new azo imidazole ligand and 

the attempt to prepare and identify some of mixed ligand complexes derived from this 

ligand and 1,10-phenanthroline (1,10- phen).                                                                

2. Experimental 

2.1. Reagents and physical measurements 

     All chemicals were of highest purity and used as supplied by the manufactures, except 

of 4,5-Bis( p-methoxy phenyl )- imidazole which was prepared as described before [14]. 

Melting points were determined in an open glass capillary tube using a Stuart melting point 

SMP10 and are uncorrected. The mass spectrum analysis of ligand was done on a 

Shimadzu Agilent (HP) 5973 mass spectrometer. 
1
HNMR spectrum was conducted using a 

Bruker Biospin Gmph instrument  (500 MHz) in DMSO-d6 as a solvent consisting TMS as 

the internal reference compound. Microanalytical data (Carbon, Hydrogen and Nitrogen) 

was carried out on Euroverctor, EA300A elemental analyzer. FTIR spectra studies were 

carried out using KBr discs on FTIR Testscan Shimadzu 8400  Spectrophotometer in the 

range of 4000 – 400 cm
–1

.  Electronic spectra were recorded in ethanol on Shimadzu model 

1700 UV–Vis Spectrophotometer. The metal content of the complexes was measured using 

atomic absorption technique by Flam Atomic Absorption (q AA 680).  Magnetic 

susceptibilities were measured as powder samples using Faraday method, Balance 

Magnetic ( Sherwood Scientific ) was employed for this purpose. Molar conductance 

measurements were determine in DMSO by using a Digital Conductivity Series Ion. 

Lab.(720). 

  2.2. Preparation of the azo ligand (4-SuMBAI)                                                  

     This heterocyclic azo ligand was prepared as described before [14]    ( Scheme.1 ).     A 

solution of sulfanilamide ( 1.72 g, 10 mmol ) in ( 100 mL ) water and (3 mL) concentrated 

HCl (37%) was stirred until a clear solution was obtained. This solution was cooled to ( 0–5 

O
C ) and while maintaining the temperature below  (5 

O
C )           a solution of sodium 

nitrite ( 0.75 g, 11 mmol ) in 10 mL water was then added drop by drop. The resulting 
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mixture was stirred for  (30 min ) in an ice bath and excess nitrite was destroyed by 

addition of urea [15]. The resulting diazonium chloride solution was mixed with coupling 

component 4,5-Bis-( p-.Methoxy phenyl ) imidazole ( 2.80 g, 10 mmol ) dissolved in   ( 

150 mL )  alkaline ethanol cooled below  (5
 O

C). After leaving in the refrigerator for 24 

hour, the mixture was acidified with dilute  hydrochloric acid  until ( pH ~6). The  red- 

violet  crude precipitate was filtered and washed several times with distilled water, air dried 

and twice recrystallized from hot ethanol, and then dried in oven at ( 80
 O

C). Some 

analytical and physical data  for this azo dye was  tabulated in Table (1) .  

 

Scheme. 1: Preparation of the ligand (4-SuMBAI) 

 

2.3. Preparation of the mixed ligand  complexes                                                    

     General procedure for preparation chelate  complexes, the aqueous solution of 

respective salts [CoCl2.6H2O, NiCl2.6H2O, CuCl2.2H2O , ZnCl2 and  CdCl2], was slowly 

mixed with hot  mixture ethanolic solution of  ( 4-SuMBAI  ) and ( 1,10-phen ) ligand, in 

(1:1:1) ( L: M: L) molar ratio. After the addition was complete, the reaction mixture was 

refluxed for (90 min) then cooled. The solids that precipitate were filtered off, washed with 

(5 mL ) hot (50%) ( ethanol : water ) to remove any traces of the unreacted starting 

materials air dried and recrystallized from ethanol and heated in the oven at ( 90
 O

C). all 

data for these compounds tabulated in Table (1).  

3. Results and Discussion   

3.1. Identification of azo imidazole and mixed ligand complexes  
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   The azo ligand was  violet semi crystal, but all ternary metal complexes are fine powder, 

vary in color depended of metal ions, stable, non-hygroscopic solids and are soluble in 

most organic solvents such as methanol, ethanol, dimethylformamide, dimethyl sulfoxied, 

chloroform, acetone, and pyridine giving stable solutions at room temperature. The 

analytical data of  prepared compounds presented in Table (1), are in good agreement with 

the calculated values which suggest that the metal and the two ligands (4-SuMBAI=L1) and 

(phen=L2)  were coordinated in the ratio ( 1:1:1 ) (L1:M:L2). Based on the  analytical  data, 

[ Co (L1) (L2) Cl2 ]. H2O, [ Ni(L1) (L2) Cl2 ]. H2O, [ Cu(L1) (L2) Cl2 ]. H2O, [ Zn(L1) (L2) 

Cl2 ]. H2O and [ Cd(L1) (L2) Cl2 ]. H2O. are the empirical formulae suggested for these 

chelate  complexes. The molar conductance at room temperature was determined using (10
–

3
M ) solutions of the chelate complexes in the solvent dimethyl sulfoxied. These values 

support the non-electrolytic nature of all the complexes. The conductance values along with 

the magnetic moments are also shown in Table (3).  

Table(1): Some physical and analytical data of the ligand (4-SuMBAI) 

and metal chelate complexes 

Compound Formula 
m.p. °C 

 
Yield%   Color  

      Found (Caled) %) 

    C                 H          N               M        

(SuMBAI) = L1 C23H21N5SO4  257-259 80 Violet 59.61 

(59.69) 

4.56 

(460) 

15.12 

(15.21) 

..... 

...... 

[Co(L1)(L2) Cl2].H2O  C35H31N7SO5Cl2Co 203-205 75 Red 53.13 

(53.23) 

3.69 

(3.74) 

12.39 

(12.44) 

4.55 

(7.59) 

[Ni(L1)(L2) Cl2].H2O C35H31N7SO5Cl2Ni  216-218 76 Reddish 

violet 

53.13 

(53.34) 

3.69 

(3.72) 

 12.40 

(12.47) 

4.54 

(7.58) 

[Cu(L1)(L2) Cl2].H2O C35H31N7SO5Cl2Cu   209-211 78 Deep- 

red 

53. 50 

(53.65) 

3.71 

(3.76) 

12.47 

(12.49) 

1..1 

(6.96) 

[Zn(L1)(L2) Cl2].H2O C35H31N7SO5Cl2Zn  93-95 75 Deep- 

red 

52.71 

(52.78) 

3.66 

(3.68) 

12.29 

(12.32) 

...1 

(8.26) 

[Cd(L1)(L2) Cl2].H2O C35H31N7SO5Cl2Cd  153-155 72 Red 49.77 

(49.81) 

3.45 

(3.49) 

11.06 

(11.14) 

13.31 

(13.43) 

L1= (4-SuMBAI)  and  L2= (1,10-phen)  

3.2. Mass spectrum of azo ligand (4-SuMBAI)  

      Mass spectrum of azo compound is given in Fig(1). The mass spectrum pattern give the  

expected  molecular ion peak  at ( m/z 463).  The base peak was observed at ( m/z 309 ) 

corresponding to the 4,5-Bis-( p-.Methoxy phenyl ) imidazole connected  with ( azo-group ) 
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[16]. Another fragments at ( m/z =279 and 219) due to 4,5-Bis-( p-.Methoxy phenyl ) 

imidazole and 4,5-( di phenyl ) imidazole  respectively.  

 

 

Fig.1 :The mass spectrum of azo ligand (4-SuMBAI) 

3.3. 
1
HNMR Spectrum of  azo ligand (4-SuMBAI)   

     1
HNMR spectrum of this compound was recorded in DMSO-d6. The singlet signal at δ 

3.79  ppm was due to the methoxy protons. The aromatic protons were seen in the range of 

δ 7.04 –8.02  ppm as multiple signals. Another weak signal at δ 13.52 ppm attributed to 

imidazole (-NH-) proton.  

 

 

Fig.(2): The 
1
HNMR spectrum of ligand (4-SuMBAI) 

3.4. Infrared spectra  

     The Infrared spectroscopy can be used as a good analytical tool to follow the 

complexation of the transition metal ions by the organic ligands [17, 18]. The mode of 

bonding between the azo ligand and the titled metal ions was elucidated by examining the 
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IR spectra of the metal complexes in comparison to those of the free ligand (Table.2). The 

IR spectrum of the free ligand (4-SuMBAI) showed a medium and broad band around 3277 

cm
─1

, which can be attributed to (N─H) stretching vibration of the imidazole moiety[19]. 

This band disappeared at all mixed ligand complexes and anew bands exhibited in the 

region 3253-3496 cm
─1

 due to the existence of  lattice water molecules [20]. The spectrum 

of the azo ligand shows band at 1662 cm
─1

 due to ν(S-NH2) stretching vibration [21]. The 

position of this band remained at nearly the same frequency in spectra of the metal chelate 

complexes, suggesting the uncoordination of this group to the metal ions. Another 

absorption band at 1612 cm
─1

 due to ν(C═N) of the N3 imidazole nitrogen. It is observed 

with a little change in shape and shifted to lower frequencies 1608 – 1604 cm
─1

 in the 

prepared complexes spectra. These differences suggest the linkage of metal ion with 

nitrogen imidazole ring[22,23]. The ν (N═N) stretching vibration appears at 1427 cm
─1

 in 

the free ligand spectra. This band appearing at 1425 – 1422 cm
─1

 with different in shape 

and reduced in intensity in the spectra of prepared complexes. Both band shifted and 

reduced intensity due to chelate complex formation[24-26]. The far infrared spectra of the 

mixed ligand complexes exhibited new bands that are not present in the free ligand. These 

band are located at 501 – 437 cm
─1

, assigned to ν(M─N) [27]. Thus the above IR spectral 

data lead to suggest that the ligand behaves as a bidentate chelating agent. The mixed (1,10-

phen) complexes show new characteristic band at(1608-1610)cm
-1

 assigned to the 

coordinated azo methane group of the (1,10-phen) ring.  

Figs.3 and 4, shows the spectra of ligand and [Co(L) phenCl2].H2O complex. 

Table (2): Characteristic IR frequencies (in cm
-1

) of the ligand (4-SuMBAI) 

and metal chelate complexes 

 

 

Compound ν           

(O─H) H2O 

ν     

(N─H) 

ν           

(S-NH2) 

ν                

(SO2-N) 

ν     

(C═N)Im 

v(C═N) 

(1,10phen) 

ν 

(N═N) 

ν   

(M─N) 

 (4-SUMBAI =L) ………… 3277  m. 1662  s 1330-1178 1612  m ……. 1427  

w 

……. 

[Co(L)phenCl2]. H2O 3496 m.br ……… 1661  s 1340-1176 1604  m 1608 1425  

w 

501 w 

[Ni(L)phenCl2]. H2O 3390 m.br ……… 1662  s 1336-1174 1608  m 1608 1423  

w 

466 w 

[Cu(L)phenCl2]. H2O 3253 m.br. ……… 1664  s 1346-1174 1606 m 1608 1425  

w 

464 w 

[Zn(L) phenCl2],H2O 3430m.br ……… 1664  s 1332-1172 1604  m 1608 1427  

w 

439 w 

[Cd(L)phenCl2] H2O 3496 m.br ……… 1663  s 1334-1176 1604  m 1610 1423  

w 

439 w 
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Fig.(3): IR- spectrum of ligand (SuMBAI)  

 

 
Fig.(4): IR- spectrum of   [Co(L) phenCl2]H2O 

 
3.5. Absorption spectra                                                                             

     The electronic absorption spectra of all the compounds were recorded using 

ethanol solution in the range 200-1100 nm at room temperature Table (3). The 

spectral data of organic ligand (4-SuMBAI)  exhibited two recognizable absorption 

bands. The first band which appeared at  (292 nm) can be ascribed to the ( π→ π*) 

transition of the phenyl rings while, the second band appeared at (466 nm) can be 

assigned to  ( n→ π*) electronic transition due to the azo group [28]. Further, it is 

recognized that the absorptions bands were shifted to longer wavelength in all the 

metal complexes, which may be assigned to d(M
2+

) → π* (ligand) charge transfer 

transitions suggesting metallization with the azo dye ligand [29].   

3.6. Magnetic moment and conductivity measurements   

   The magnetic susceptibility and molar conductance values are listed in Table (3). The 

magnetic moment values are found to be 4.97, 3.43 and 1.78 (B.M) for Co(II), Ni(II) and 

Cu(II) mixed ligand complexes, respectively, suggesting an octahedral geometry [30,31]. 

While Zn(II) and  Cd(II) chelate complexes  was diamagnetic and according to its 
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empirical formula, an octahedral geometry was proposed for these complexes. Molar 

conductance data of the complexes were measured in DMF and the complexes were 

found to be non-electrolytic  in nature [32].  

4. Conclusions   

     This work described the preparation and identification of a new series of 

cobalt(II), nickel(II), copper(II), zinc(II) and cadmium(II) mixed ligand complexes 

derived from new arylazo imidazole ligand (4-SuMBAI) as primary ligand and (1,10-

phen) as secondary ligand. These chelate complexes with azo dye were characterized 

by using different physiochemical techniques. The IR spectra revealed that (4-

SuMBAI)behaves as neutral bidentate ligand coordinated to the metal ions through 

imidazole-N, azo-N donor atoms. The spectral and magnetic studies of the prepared 

metal complexes of azo ligand reveals that all mixed ligand chelate complexes are 

having octahedral geometry and the (M : L : (1,10-phen)) ratio is ( 1:1: 1 ). The ligand 

can be good analytical reagent for some metal ions. 
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Fig.(9): UV-Vis spectra of (SUMBAI) 

 

 
Fig.(11): UV-Vis spectra of [Ni(L) phenCl2]H2O 

 
Table (3) : Electronic spectra, conductivity and magnetic moment 

of the ligand (4-SuMBAI) and metal chelate complexes 

Proposed 

Structure 

μeff 

(B.M) 

Absorption 

Band (nm) 

Assignment Compounds 

……. …… 292 

466 
 →

*
 

n→
*
 

(4-SuMBAI =L1) 

Oh 4.97 503 C. T. [Co (L)(1,10-phen)Cl2]. H2O 

Oh 3.43 517 C. T. [Ni (L)(1,10-phen)Cl2]. H2O 

Oh 1.79 505 C. T. [Cu (L)(1,10-phen)Cl2]. H2O 

Oh Dia 505 C. T. [Zn (L)(1,10-phen)Cl2]. H2O 

Oh Dia 507 C. T. [Cd (L)(1,10-phen)Cl2]. H2O 
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M = Co(II),  Ni(II),  Cu(II),  Zn(II) and Cd(II) 

Fig. (5): structural formula of transition  metal complexes   

 

Reference:  

 
1. Debus, H. (1858). Ueber die einwirkung des ammoniaks auf glyoxal. Justus Liebigs 

Annalen der Chemie, 107(2), 199-208. Yang XD, Wan WC, Deng XY, Li Y,   

2. Yang, X. D., Wan, W. C., Deng, X. Y., Li, Y., Yang, L. J., Li, L., & Zhang, H. B. (2012). 

Design, synthesis and cytotoxic activities of novel hybrid compounds between 2-

phenylbenzofuran and imidazole. Bioorganic & medicinal chemistry letters, 22(8), 2726-

2729.   

3. Wang, S., Zhao, L., Xu, Z., Wu, C.,and Cheng, S. (2002). Novel nonlinearity–transparency–

thermal stability trade-off of imidazole chromophores for nonlinear optical. 

4. Doung, H. A., Cross, M. J.,and Louie, J. (2004).N-Heterocyclic carbenes as highly efficient 

catalysts for the cyclotrimerization of isocyanates. Org. Lett. 6(25), 4679-4681. 

5. Mahdi, S. M., & Ali, A. M. (2015). Preparation &identification of new azo-schiff ligand 

with its complexes. Iraqi National Journal Of Chemistry, 15(2), 214-236.  

6. Habiban, A. M., Mahmoud, W. A., & Kareem, T. A. (2015). Preparation and 

Characterization of Some Metal Complexes with Heterocyclic Azo Ligand (4-

SuBAI). Baghdad Science Journal, 12(3), 503-515.  

7. Mohammed, Z., Al-Khafagy, A. H., & Ali, A. M. (2013). Preparation, Characterization and 

Biological study of hetrocyclic Azo-Schiff Base compound and some of it's metal 

complexes. Int. of J. of current Res, 5(12), 3705-3710.  

 



 

 

11 

8. Byabartta, P. (2014). Synthesis, Spectroscopy and Elect {1-(alkyl)-2-(arylazo) 

imidaz. Journal homepage: http://www. journals. wsrpublishing. com/index. php/jasr, 2345, 

4377.  

9. Sanjay. S, Kamal. K. S , Tapan. K. M. and Sinha. C. (2006). Copper(I) and silver(I) 

complexes of 1-alkyl-2-(methyl)-4-(arylazo)imidazole. Synthesis, spectral studies and 

electrochemistry. Transition Metal Chemistry.  31:293–298. 

10. Ahmed, Z., & Iftikhar, K. (2012). Synthesis, luminescence and NMR studies of lanthanide 

(III) complexes with hexafluoroacetylacetone and phenanthroline. Part II. Inorganica 

Chimica Acta, 392, 165-176.  

11. Shrivastava, K., Purohit, S., & Singhal, S. (2013). Studies on nitrogen and sulphur 

containing heterocyclic compound: 1, 3, 4-thiadiazole. Asian J. Biomed. Pharm. Sci, 3(21), 

18. 

12. Farshbaf, S., Sreerama, L., Khodayari, T., & Vessally, E. (2018). Propargylic ureas as 

powerful and versatile building blocks in the synthesis of various key medicinal heterocyclic 

compounds. Chemical Review and Letters, 1(2), 56-67. 

13. Rakitin, O. A. (2009). One-pot synthesis of sulfur heterocycles from simple organic 

substrates. ARKIVOC: Online Journal of Organic Chemistry.  

14. kazom , (2018), A Thesis Submitted partial fulfillment of the Requirements for the Degree 

of  Master  in Chemistry, (The Council of the faculty of Eduction for girls - University of 

Kufa,(36 P). 

15. Jebur, M. H., Mahdi, R. T., & Ali, A. A. M. (2013). Preparation and Identification of Some 

Metal Complexes with Mixed Heterocyclic Azo Ligands. Asian Journal of Research in 

Chemistry, 6(12), 1156-1159.  

16. Arunagiri, C., Arivazhagan, M., & Subashini, A. (2011). Vibrational spectroscopic (FT-IR 

and FT-Raman), first-order hyperpolarizablity, HOMO, LUMO, NBO, Mulliken charges 

and structure determination of 2-bromo-4-chlorotoluene. Spectrochimica Acta Part A: 

Molecular and Biomolecular Spectroscopy, 79(5), 1747-1756.  

17. Guo, L., Wu, S., Zeng, F., & Zhao, J. (2006). Synthesis and fluorescence property of 

terbium complex with novel schiff-base macromolecular ligand. European polymer 

journal, 42(7), 1670-1675.  

18. Tirmizi. S. A, Wattoo. F. H, Wattoo. M. H. S, Sarwar. S, Memon. A. N and Ghangro. A. B ; 

" Spectrophotometric study of stability constants of cimetidine-Ni(II) complex at different 

temperatures" ., Arabian. J. of Chemistry. Accept, (2010). 

19. Ramanathan, P. (2017). Biological Studies of 2-(4-Methoxynaphthalen-1-Yl)-1-(4-

Methoxyphenyl)-1H-Phenanthro [9, 10-D] Imidazole. Mod. Chem. Appl, 5, 242.  



 

 

12 

20. Ali, A. M., Al-Gatrinie, N. N., & Ratrout, S. (2005). Synthesis and Characterization of 2-

[(2-Carboxy-4-iodophenyl) azo]-4, 5-diphenylimidazole (CIPAI) and Its Complexes with 

Cu2+, Ag1+, Zn2+, Cd2+ and Hg2+. Journal of Al-Qadisiyah for Pure Science, 10(2), 192-

199.  

21. Mahmoud, M. R., Hammam, A. M., El-Gyar, S. A., & Ibrahim, S. A. (1986). Coordination 

compounds of heterocyclic azo derivatives. III. Co (II), Ni (II) and Cu (II) complexes of 

some arylazo-4, 5-diphenylimidazole derivatives. Monatshefte für Chemie/Chemical 

Monthly, 117(3), 313-325.  

22.  Ali, A. A. M. (2013). Preparation and Identification of Some Chelate Complexes with New 

Heterocyclic Azoligand. Al-Mustansiriyah Journal of Science, 24(2), 69-78.  

23. Al-Adely, K. J. K. (2000). Synthesis and spectroscopic Study of Group (IIB) and (IIIB) 

Metal Ion Complexes With New Azo Compounds and With 1-(2-Pyridyl azo)-2-

naphtho (Doctoral dissertation, Ph. D. Thesis).  

24. Byabartta, P., & Laguna, M. (2006). Gold (III) pentafluorophenylarylazoimidazole: 

Synthesis and spectral (H, C, COSY, HMQC NMR) characterisation. Journal of Chemical 

Sciences, 118(5), 385-392.  

25. Mohammad. H. S ; "Preparation and characterization of 4-[6- (purinyl)azo]-1-naphthol and 

some transition metal complexes"., Iraqi. Natio. J. of Chem. 43, 347-360, (2011) 

26. Mahmoud, M. R., Hammam, A. M., El-Gyar, S. A., & Ibrahim, S. A. (1986). Coordination 

compounds of heterocyclic azo derivatives. III. Co (II), Ni (II) and Cu (II) complexes of 

some arylazo-4, 5-diphenylimidazole derivatives. Monatshefte für Chemie/Chemical 

Monthly, 117(3), 313-325. 

27. Ray, U. S., Banerjee, D., & Sinha, C. (2003). Synthesis, spectral characterization and redox 

properties of iron (II) complexes of 1-alkyl-2-(arylazo) imidazole. Journal of Chemical 

Sciences, 115(3), 169-174.  

28. Dash, D. C., Meher, F. M., Mohanty, P. C., & Nanda, J. (1987). Complexes of 3-

Benzylideneimino-2-thiohydantoin & 3-p-Anisylideneimino-2-thiohydantoin with Mn (II), 

Co (II), Ni (II) & Cu (II).  

30.Hathaway, B., & Billing, D. E. (1970). The electronic properties and stereochemistry of 

mono-nuclear complexes of the copper (II) ion. Coordination Chemistry Reviews, 5(2), 143-

207.  

29. Geary, W. J. (1971). The use of conductivity measurements in organic solvents for the 

characterisation of coordination compounds. Coordination Chemistry Reviews, 7(1), 81-122.   

  


