
Scientific. 2008 4Journal of Kerbala University , Vol. 6 No. 
 

 278 

Synthesis and Characterization of New Ligand type N2O2 

and its complexes with (Co(II),Ni(II),Cu(II),Zn(II) and 

Cd(II) ions 
 

Ahmad Thabet Numan, Issa Omeran Issa and Leqaa Khalid 

Department of chemistry, College of Education, Ibn Al-Haitham, University of Baghdad 

 

 

Abstract: 
    The [2-hydroxy -1,2-diphynel-ethanone oxime] was reacted with 1,2- dichloroethan to 

give the new ligand [H2L].this ligand was reacted with some metal ions  

(Co(II),Ni(II),Cu(II),Zn(II) and Cd(II) in methanol as a solvent to give a series of new 

(1:1)complexes of the general formula [ M(HL)]Cl ,( where : M= 

Co(II),Ni(II),Cu(II),Zn(II) and Cd(II)) are isolated All compounds have been characterized 

by spectroscopic methods [ I.R , U.V -Vis  ] atomic absorption . Chloride content along 

with conductivity measurements. From the above data the proposed molecular structure 

for (Co, Cu, Ni, Zn and Cd) complexes adopting a tetrahedral   structure. 

  الخلاصة:
-1,2-[ethoxy-(Hydroxyimino-1,2-diphenyl-ethoxy-2)-2]-2]بتضمممالبحث تمممربتتضمممنشبحثجنيد مممذبحث ذ مممذ

diphenyl-ethanone] oxime [H2L]ب.بب

بنزوحدكسمممممنثباممممموبونمممممد، بكجمممممةسوبح كمممممد بعبومممممثبا د جممممم بحثجنيد مممممذباممممموبب ممممم بح ة مممممد بب-ورثممممممباممممملبا د جممممم بحث مممممد

حنممربتية مم بب(1:1)حثانكممد ةوبوامملدبثجل د ممببوبنسمم  بب Co(II),Ni(II),Cu(II),Zn(II) and Cd(II))حث ندصممش 

 Co(II),Ni(II),Cu(II),Zn(II) and Cd(II))حنرببCl[M(HL)]اجسج بجذ ذةبالبحثا قذح برح بحثصنغ بحث دا بب

=M).نم بحثاش،ب–حثلدثنم بب بحششم  بتتم بحثتامشحلأبوحششم  بلمةقبحث ن سم ن ب شخص بجانوبحثاشك د ببدثلشقبحثلن ن ببب

والندلنمم بحتالصممدذبحثممزسابثج ندصممشبواتلممةدبحثيجممةسبودسجممد بحت صمم دسبوببعبامموبونممد بحثلةصممنجن بحثاةتس مم ب

حثي شبد،ن ب.بتثبحولشححبحثشيببحث شحغ ببندلأحبً جىبحثا لند بحثل بحصجندب جن دباملبحثلتدثنمببو مةبشميببسبمد  بحثسملةحب

 ث انوبحثا قذح .

 

Introduction: 
   Oxim compounds and their complexes play a great importance in medicine, industry, and 

biochemistry [1]. This in turn has stimulated research into the coordination chemistry of 

ligands having other functions in addition to the oxime function [2]. One of the analytical 

application of oxime compounds their use as an were precipitants for some transition metals 

[3]. Oxime amine compounds play an important role in radiopharmaceuticals and related 

nuclear medicine [4,6]. Angle off and Co-workers [7] reported the synthesis of 1,10 – 

phenanthroline – 2.9 –dicarbaldehyeioxime by reacting 1,10- phenanthroline-2,9-

dicarbaldehyde with hydroxylamine, this ligand and its complexes with 

(Co(II),Ni(II),Cu(II),Zn(II) and Cd(II) were designed as potential agents for nucleis 

hydrolysis. In this paper the synthesis and characterization new [2-[2-(2-hydroxyimino-1,2-

diphenyl-ethoxy)-ethoxy]-1,2-diphenyl-ethanone oxime [H2L] which derived from the 

reaction of [2-hydroxy -1,2-diphynel-ethanone oxime] and [1,2 dichloroethane] were 

reported and were also studied their metal complexes with cobalt, nickel, copper, zinc and 

cadmium ions.  

 

Experimental: 
    Reagents were purchased form Fluka and Redial – Dehenge chemical Co. I.R spectra were 

record as ( KBr ) discs using a shimadzu 8300 FTIR spectrophotometer. Electronic spectra of 

the compounds were measured in the region (200–1100) nm for 10-3 M solution in (DMF) at 

25 c using a shimadzu, 160 spectrophotometer 1cm matched quartz cell. While metal 
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contents of the complexes were determined by atomic absorption (A.A) technique a 

shimadzu AA 680 G atomic absorption spectrophotometer. The HPLC complexes were 

determined by using a Shimadzu in this technique 2020.injected into a column of the type 

(ODS – C18) using (70:30) methanol – water, isocratic system with flow rate (1ml / min) at 

25 0C and wave length (    nm). Electrical conductivity measurements of the complexes were 

recorded of 25c for 10-3 M solutions of the sample in (DMF) using a pw 9526 digital 

conductivity meter. 
 

Synthesis of ligand (H2L): 

    A solution of [1,2- dichloroethan] 0.25 g, (2.5 mmol) was added slowly to a mixture of [2-

hydroxy -1,2-diphynel-ethanone oxime 1.14g, (5.0 mmol) dissolved in methanol 5mL with 

KOH. The mixture was refluxed for 4hrs, and then stirred at room temperature for 1hrs. Solid 

was collected by filtration , and dried under vacuum for 24hr , to give [H2L] as Yellow solid 

, yield 1.5g , 62% m.p ( 131 – 133c ) .  

Synthesis of complexes: 

    CoCl2 .6H2O (0.074gm, 0.31 mmol) was suspended in 5mL methanol. To this suspension 

a mixture of 0.15g, (0.31 mmol) of [H2L] in 5mL methanol was added and allowed to reflux 

for 2hrs. A green precipitate formed, recrystalization  washed with 1mL Benzene to give 

0.1157g, (65%) m.p (148 – 150 0C) .Synthesis of [Ni (HL)]Cl (2), [Cu(HL)]Cl (3), [Zn 

(HL)]Cl (4) and [Cd (HL)]Cl   
 

Complexes:-  

    The method used to prepare these complexes was similar to that mentioned in preparation 

of [Co (HL)]Cl complex. Table (1) stated weight of starting materials, % yield and some 

physical properties of the prepared complexes.  

table (1) some physical properties of the complexes and their reactants quantities. 

 

Compound 

بْ ب m.p 

0C 

dec. 

Color 
Weight of metal 

Weight 

 of 

product 

(g) 

 

Yield 

%  

Metal 

content 

(calc.) 

% 

 

Chloride 

content 
g mmole 

[Co(HL)]Cl 
250 

blue-

green 
0.074 0.31 0.1157 60 

9.66 

(9.67) 
Nil 

[Ni(HL)]Cl 
235 green 0.064 0.31 0.115 60 

9.54 

(9.64) 
Nil 

[Cu(HL)]Cl 242 

 
green 0.053 0.31 0.137 72 

12.4 

(10.35) 

Nil 

 

[Zn(HL)]Cl 

258 

White

-

yello

w 

0.042 0.31 0.126 
 

70 

12.62 

(10.62) 
Nil 

[Cd (HL)]Cl 
260 

Yello

w  
0.062 0.31 0.13 

69 

 

18.02 

(16.96) 
Nil 

(calc.)=calculate, (dec.)=decomposed 

 

Result and Discussion: 
    The [H2L] pro–ligand was prepared according to the general method shown in scheme (1). 

The (I.R) spectrum for (H2L) ligand Fig. (2), displayed one band at 1490 cm -1 due to the 

(C=N) stretching for the oxime groups respectively (7). The band at 1193 cm -1 due to the 

(C-O-C) ether. The band at   3251 cm -1 is attributed to the (O–H) stretching of oxime group. 
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The strong bands at 1014 and 987 cm -1 are attributed to (N-O) stretching. While (U.V-Vis) 

spectrum. Fig (3), the spectra show three a high intense absorption peaks at (272)  nm   

 (36764 cm-1) ( εmax  = 1106 molar  -1.cm-1) , (348) nm  (28735 cm-1) (εmax  = 374 molar  

-1.cm-1) and (468) nm  (21367cm-1) (εmax  114 molar  -1.cm-1) which assigned to overlap 

of (π →π*), (n →π*) and (n →π*)  transitions(8) . 
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Scheme (1) The synthesis route of the ligand   

The synthesis of the complexes was carried out by the reaction of [H2L] ligand with 

[MCl2.H2O] [where M= (CoII, NiII, CuII, ZnII and CdII] in methanol under reflux. These 

complexes are stable in solution and electrolytes with (1:1) (Table-3). The analytical and 

physical data Table (1) and spectral data Table (2) and Table (3) are compatible with 

suggested structures Fig (1). The (I.R) Spectral data of the complexes are presented in Table 

(2). The bands at 3380 cm -1, 3421 cm -1, 3242 cm -1, 3224 cm -1 and 3249 cm -1 were 

assigned to the υ (O---H---O) hydrogen bonding stretching vibration (9). In general the (I.R) 

spectra of the complexes show one band at 1508 cm -1 which assigned to the υ (C=N) 

stretches for the oxime groups respectively. The oxime groups are shifted to higher 

frequencies 1490 cm -1, as a result of the reduced band order (10). This can be indicative of 

nitrogen oxime (with hydroxyl group) coordination to metal ion (11). The strong υ (N–O) 

stretching bands at 1014 and 970 cm -1 for the free ligand are shifted markedly to higher 

frequencies. This is presumably due to the complexation with the metal ions (12). For these 

complexes the two (N–O) bands are unequal. These results are in good agreement with those 

reported by Bigatto and co–workers (13). The band υ (O–H) stretching of the oxime group in 

the free ligand at 3251cm -1 disappeared in the complexes spectra due to the formation 

hydrogen bonding .The bands at (607–572) cm -1 and (493 – 445) cm -1 range were assigned 

to υ (M–N) and υ (M–O) stretching respectively. Indicating that the oxime nitrogen's and 

oxygen were involved in coordination with metal ion (14-16). The (U.V-Vis) spectra for the 

complexes (1), (2), (3), (4) and (5) are shown in Fig. (3a and 3b) .  The absorption data for 

complexes are given in Table (3).  In general, the spectra show two intense peaks in the U.V 

region at (300,360), (300,341), (299,343), (285,365) and (298,378) nm for complexes (1), 

(2), (3), (4) and (5). These peaks were assigned to ligand field and charge transfer transitions 
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(17). Besides that other bands appear. Complex (1) exhibited two peaks at (608) nm and 

(677) nm. They can be attributed to (d-d) transition type (4A2 → 4T1 (p)) and (4A2 → 4T1  

(F)) respectively. The observed weak peak in spectrum of complex (2) is at (403) nm was 

assigned to (d-d) transition type (3T1 → 3T1 (p)). The spectra of complexes (3) exhibited 

weak peak at (437) nm respectively (18). They can be attributed to (d-d) transition type 

(2E→2B2).The absence of (d-d) transition in the complexes (4) and (5) are due to (d10) 

structure for the metal ions. These U.V-Vis data suggest a tetrahedral configuration around 

the metal ion for the five studied complexes Fig (1).The molar conductance of the complexes 

in (DMF) lie in the (37.5– 80 s. cm -1 mole -1) range Table (3) indicating the complexes are 

electrolytic with (1:1) ratio (19).The micro analysis of the (A.A) and chloride content results 

for the complexes([Co (H2L)]Cl, [Ni (H2L)]Cl, [Cu (H2L)]Cl, [Zn (H2L)]Cl [and [Cd 

(H2L)]Cl ), table (1) are in a good agreement 

with the calculated values         
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Table (2) I.R spectral data of the ligand and its complexes 

 

Table (3) Electronic spectral data and conductance measurement   of ligand and its 

complexes 

* C.T = (Charge transfer)  

M=Co, Cu, Ni, Zn, and Cd 

 

Figure (1) The suggested structure for the complexes                                                                                                                                                                                                                                                                 

 

 
 

 

Compound λ nm Wave 

number 

Cm-1 

εmax  

Molar Cm-

1 

Assignme

nt 

HPLC 

Retentio

n  Time 

(min) 

Am 

(s.cm

2.mlo) 

Rati

o 

 

[H2L] 

272 

348 

468 

36764 

28735 

21367 

1106 

374 

114 

π→π* 

n→π* 

n →π* 

 

------- 

 

------- 

 

-----

-- 

 

[Co(HL)]C

l 

300 

360 

609 

676 

33333 

27777 

16420 

14792 

2304 

873 

145 

181 

Ligand 

field 

C.T 

4A2 → 

4T1 (p) 

4A2 → 

4T1 (F 

 

 

11.462 

 

71.5  

1:2 

 

[Ni( 

HL)]Cl 

300 

341 

403 

33333 

29325 

24813 

1520 

1870 

1784 

Ligand 

field 

C.T 

3T1 → 

3T1 (p 

 

5.894 

 

76.9  

1:2 

 

[Cu(HL)]C

l 

299 

367 

437 

 

3344 

27247 

22883 

 

1115 

790 

826 

 

Ligand 

field 

C.T 

2E→2B2 

------- 

 

80.0  

1:2 

     [Zn( 

HL)]Cl 

285 

365 

35971 

24785 

1725 

1874 

Ligand 

field 

C.T 

 

------- 

73.8  

1:2 

[Cd( 

HL)]Cl 

298 

378 

32874 

2987 

1546 

1475 

Ligand 

field 

C.T 

------- 

74.7  

1:2 
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Fig. (2)The (I.R) spectra of the ligand (H2L) 

 

 
 Fig . (2a)The (I.R) spectra of the complex [Ni (HL)] Clببببببببب       

                                                  

 
Fig. (2b)The (I.R) spectra o f The complex [Cu (HL)]Cl 

 

           
Fig. (2c)The (I.R) spectra o f The complex [Zn (HL)]Cl 

 

 

 
Fig. (3)The (UV - Vis) spectra of the ligand (H2L) 

 

 



Scientific. 2008 4Journal of Kerbala University , Vol. 6 No. 
 

 284 

 
 

Fig. (3a)The (UV - Vis) spectra of The complex [Co(HL)]Cl 

 

 
Fig. (3b)The (UV - Vis) spectra of The complex [Cd (HL)]Cl 

 

 
Fig (4a) .The HPLC chromatogram of the [Co (HL)] Cl 

 

 
Fig (4b) .The HPLC chromatogram of the [Ni (HL)] Cl 
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