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Abstract

Two novel bis-acylhydrazone where as 1,4-diacetylbenzene

bis(4-hydroxy benzoyl hydrazone) H2L1 and 1,4-

diacetylbenzene bis(4-nitrobenzoyl hydrazone) H2L2 ligands

bearing two hydrazone side groups and their metal(II) com-

plexes have been synthesized and characterized by 1H-NMR13

C-NMR, elemental analysis, FT-IR infrared spectra, magnetic

susceptibility measurements and UV-vis electronic absorption

spectra. The L1H2, L2H2) ligands were synthesized by reacting

4-hydroxybenzohydrazide and 4-nitrobenzohydrazide with 1,4-

diacetylbenzene, respectively. The ligands H2L1, L2H2) react

with metal(II) chlorides anhydrous to form polymeric dinuclear

metal(II) complexes with general formula [(M2(Lx)2}n] with a

metal to ligand ratio of 1:1 when [x = 1, 2; M = Ni(II), Co(II),

Cu(II), Zn(II) and Cd(II)]. In the complexes, the ligands act

as dianionic tetradentate and coordination takes place in the

enol tautomeric form with the enolic oxygen and azomethine

nitrogen atoms while the phenolic hydroxyl and nitro groups of

dihyrazone moiety do not participate in coordination.
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1 Introduction

Hydrazones are the condensation products of hydrazine

derivatives with carbonyl compounds, they contain an acyclic

group >C=N-N< . It is long since hydrazones and their deriva-

tives, due to their high complexing ability, have attracted the at-

tention of scientists. Depending on various factors (the nature of

the hydrazone and the metal atom, reaction conditions, the ratio

of reactants etc.) hydrazones form either mono- or polynuclear

coordination compounds with metal atoms [1].

Aroyl hydrazones and their metal derivatives often possess bi-

ological activity and can inhibit enzymatic reactions in the cell

[2]-[4]. Edward et al. have shown that replacement of the aro-

matic group by other moieties in some antibiotics improves their

antibiotic activity [5, 6]. Apart from biological applications ow-

ing to the presence of the toxicologically important

N–C=O moiety, hydrazones act as potential donors for different

metal ions. These ligands contain an amide bond and are capa-

ble of undergoing keto-enol tautomerism: they can coordinate to

central metal ions through nitrogen and/or oxygen [7]. Their co-

ordination behaviour also depends upon the pH of the medium,

the nature of the substituents and the metal [8].

Intensive investigations of the coordination chemistry of

dinuclear metal complexes with chelating ligands continue

to be stimulated by interest for metallobiomolecules [9], the

search for appropriate systems for binding and activating sim-

ple molecules, catalysis and magnetic interactions [10, 11]. In

spite of the greatest effort and success in the study of dinuclear

copper(II) complexes, such complexes have still attracted much

attention due to their interesting properties and the relative sim-

plicity of their synthesis.

Many studies of polyfunctional Schiff bases and monohydra-

zones as well as their complexes have been carried

out [12, 13]. Relatively few reports are available on the coor-

dination behaviour of bis-acylhydrazone. These ligands might

have interesting ligational features since they contain addi-

tional donor sites, i.e. C=O, N–H, azomethine nitrogen atom,

etc. Herein, we report the synthesis and spectroscopic stud-

ies of dinuclear metal(II) polymeric complexes containing 1,4-

diacetylbenzene bis(4-hydroxy benzoylhydrazone) (H2L1) and
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1,4-diacetylbenzene bis(4-nitrobenzoylhydrazone) (H2L2) are

described.

2 Experimental

2.1 Materials

All the chemicals used were purchased from Fluka Chemical

Co. (Switzerland), Aldrich-Sigma Chemical Co. (Milwaukee,

WI, USA), and used without further purification.

2.2 Methods
1H-NMR and 13C-NMR spectra were recorded on a Bruker

400MHz spectrometer in DMSO-d6 with TMS as the internal

standard. FT-IR spectra were recorded using Bruker-ALPHA

4100. CHN analyzer were measured on Euro-Vetor-AC-3000

(Italy). Magnetic susceptibility measurements were performed

(Brucker B.M6) at room temperature by Faraday method. UV-

visible spectra were measured on Jasco V-350 Spectrophotome-

ter (Japan) in the regions (50000-9090cm−1). AAS used to

determine metal ion concentration in the aqueous phase was

Phoenix-986 (UK).

2.3 Synthesis of hydrazide compound

Hydrazide compounds were prepared by refluxing (10 mmol,

1.66 g) of ethyl-4-hydroxybenzoate or ethyl-4-nitrobenzoate

(10 mmol, 1.95 g) in 50ml methanol with hydrazine hydrate

NH2NH2.H2O (25 mmol,1.5 ml) (80%, d=1.03) for 4 hours[14].

The compounds precipitated on standing over night, filtered and

washed with distilled water. The pure hydrazides were obtained

by recrystallization from hot ethanol, Scheme 1.
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Fig. 1. Scheme 1

2.4 Synthesis of H2L1 and H2L2 ligands

The ligands synthesized are described [16] as follows:

4-hydroxybenzohydrazide (10 mmol, 1.52 g) and 4-

nitrobenzohydrazide (10 mmol, 1.81 g) dissolved in hot ethanol

30 ml was added to solution 1,4-diacetylbenzene (5 mmol, 0.81

g) respectively, with 3-5 drops of glacial acetic acid in ethanol

20 ml. The reaction mixture was stirred and gently heated under

reflux on a water bath for 5h., while the mixture reaction was re-

fluxing the precipitation was formed gradually. After cooling at

room temperature the precipitated solid was filtered off by Buch-

ner Fennel, washed with water and hot ethanol, followed by dry

diethyl ether (2×5 ml), then dried in a vacuum oven, Scheme 2.
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Fig. 2. Schema 2

2.5 General synthesis of metal complexes

A hot solution of potassium hydroxide KOH (20 mmol, 1.12

g) in ethanol 15 ml was added to a suspension of the ligands

(H2L1, H2L2) (10 mmol) in ethanol 50 ml respectively. To the

resulting yellow solution, a hot solution of metal(II) chloride

anhydrous (10 mmol) when [M = Ni(II),Co(II), Cu(II), Zn(II)

and Cd(II)]in ethanol 25 ml was added. The mixture was then

refluxed, with constant stirring, for 4 hours to complete the pre-

cipitation. The resultant cooling at room temperature, then the

precipitated complex compounds were filtered by Buchner Fen-

nel, washed with hot water and ethanol, followed by dry diethyl

ether (2×3 ml), then dried in a vacuum oven (Scheme 3). Some

properties of the synthesized of ligands and complexes are given

in Table1.
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Tab. 1. Color, melting points, yields, and elemental analytical results of the ligands and their metal complexes. 

Calculated / (Found) % Comp. Formulas (MW) Color M.pa 
(oC) 

μeff
(B.M) 

Yield 
(%) C H N M 

H2L1 C24H22N4O4
(430.46 g.mol-1) white 289 ---- 86 66.97 

(66.71) 
5.15 
(5.73) 

13.02 
(13.11) --- 

H2L2 C24H20N6O6
(488.45 g.mol-1) 

Pale 
yellow 257 ---- 72 59.01 

(58.12) 
4.13 
(4.01) 

17.21 
(16.73) --- 

[{Co2(L1)2}n] 
C48H40N8O8Co2 
(974.74 g.mol-1) Green 310 a 6.18 94 59.14 

(58.63) 
4.14 
(3.92) 

11.50 
(11.61) 

12.09 
(11.95) 

[{Ni2(L1)2}n] 
C48H40N8O8 Ni2
(974.27 g.mol-1) 

Green 
yellowish 321 a 3.68 90 59.17 

(60.03) 
4.14 
(3.92) 

11.50 
(11.14) 

12.04 
(12.11) 

[{Cu2(L1)2}n] 
C48H40N8O8Cu2 
(983.98 g.mol-1) 

Dark 
Brown 293 2.53 97 58.59 

(58.19) 
4.10 
(3.83) 

11.39 
(11.52) 

12.91 
(12.83) 

[{Zn2(L1)2}n] 
C48H40N8O8Zn2 
(987.7 g.mol-1) 

Pale 
Yellow 329 b 92 58.37 

(58.08) 
4.08 
(3.79) 

11.34 
(10.84) 

13.24 
(13.11) 

[{Cd2(L1)2}n] 
C48H40N8O8Cd2 
(1081.7 g.mol-1) 

Pale 
Yellow 344 a b 78 53.30 

(52.56) 
3.73 
(3.81) 

10.36 
(9.98) 

20.78 
(21.02) 

[{Co2(L2)2}n] 
C48H36N12O12Co2 
(1090.74 g.mol-1) 

Brown 
reddish 258 6.01 67 52.86 

(51.87) 
3.33 
(3.05) 

15.41 
(15.08) 

10.80 
(10.62) 

[{Ni2(L2)2}n] 
C48H36N12O12 Ni2
(1090.26 g.mol-1) 

Brown 
yellowish 248 a 3.4 83 52.88 

(51.99) 
3.33 
(3.17) 

15.42 
(15.11) 

10.76 
(10.58) 

[{Cu2(L2)2}n] 
C48H36N12O12Cu2 
(1099.96 g.mol-1) Green 257 2.33 64 52.41 

(51.84) 
3.30 
(3.02) 

15.28 
(14.99) 

11.55 
(11.31) 

[{Zn2(L2)2}n] 
C48H36N12O12Zn2 
(1103.7 g.mol-1) Yellow 271 b 79 52.23 

(52.54) 
3.29 
(3.03) 

15.23 
(14.95) 

11.85 
(11.79) 

[{Cd2(L2)2}n] 
C48H36N12O12Cd2 
(1197.7 g.mol-1) Orange 188 b 71 48.14 

(47.99) 
3.03 
(2.93) 

14.03 
(14.12) 

18.77 
(18.26) 

a  decomposition ;  b  diamagnetic   

 
3 Results and discussion 
3.1 Stereo electronic nature of the ligands 
    The bis-acylhydrazone ligands can undergo deprotonation from enolised amide oxygen. When these synthesized ligands 
reacted with metal (II) ions, the ligands get deprotonated from the two hydrazone amide moiety and the metal (II) complex 
is formed. Suggestion, the bis-acylhydrazone ligands are tetradented di-negative [16], (Fig. 1).  
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3 Results and discussion

3.1 Stereo electronic nature of the ligands

The bis-acylhydrazone ligands can undergo deprotonation

from enolised amide oxygen. When these synthesized lig-

ands reacted with metal (II) ions, the ligands get deprotonated

from the two hydrazone amide moiety and the metal (II) com-

plex is formed. Suggestion, the bis-acylhydrazone ligands are

tetradented di-negative [16], (Fig. 4).

3.2 Syntheses

The Schiff base ligands (H2L1) and (H2L2) were prepared

according to the method described above. The ligands con-

firmed by the spectroscopic data (1H-NMR, 13C-NMR, FT-IR,

UV-Visible spectra and CHN analysis). All the complexes were

obtained by refluxing the reactants with constant stirring in

ethanol. Use of two equivalent of base KOH for each one equiv-

alent of ligand and metal ion. The elemental analyses suggest

that the complexes possess 1:1 stoichiometry.

3.3 1C-NMR and 13C-NMR spectra of the Schiff base lig-

ands

Bis-acylhydrazone such as synthesized in this study may ex-

ist in the keto or in the enol tautomeric form in the solid state

(Fig. 4). The tautomeric keto forms of ligands were also indi-

cated by 1H-NMR spectroscopy since the enolic OH signals of

enol forms of ligands were not observed but amide NH signal
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3.2 Syntheses  
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complexes were obtained by refluxing the reactants with constant stirring in ethanol. Use of two equivalent of base KOH for 
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3.3 1H-NMR and 13C-NMR spectra of the Schiff base ligands      
      Bis-acylhydrazone such as synthesized in this study may exist in the keto or in the enol tautomeric form in the 
solid state (Fig. 1). The tautomeric keto forms of ligands were also indicated by 1H-NMR spectroscopy since the 
enolic OH signals of enol forms of ligands were not observed but amide NH signal of keto forms appeared around 
10.14–11.19 ppm [17, 18]. Furthermore, the observation of strong ν(C=O) absorption bands around 1649–1664 cm−1 in 
the infrared spectra of the ligands suggest that the ligands are in the keto form in the solid state [19,  20].  
      In the 1H-NMR spectra of (H2L1) the phenolic (OH) and amide (NH) resonances appear as singlets at δ 10.58 (s, 2H) 
and δ10.14 (s, 2H) ppm, respectively. Furthermore, the phenolic moiety appears as 2 different doublets peaks at  δ 7.81  
(d, 4H)-7.99 (d, 4H) ppm. While in the 1H-NMR spectra of (H2L2), the proton of amide group (NH) appears as singlets at  
δ 11.19 (s, 2H) ppm [19, 20]. The other obtained values for 1H-NMR chemical shifts of these compounds (the ring 
protons and methyl resonances) are given Table 2. These data are in agreement with that previously reported for similar 
compounds [21-25]. 
 
Tab. 2. 1H-NMR and 13C-NMR spectra of the ligands in DMSO-d6 in δ (ppm). 
 

Chemical Shift ppm , δ Chemical Shift ppm , δ Comp. Groups 1H-NMR Groups 13C-NMR 
2(CH3C=N) 2.39 (s, 6H) 2(CH3C=N) (8, 8') 27.28 
Ar-H  (2, 3, 5, 6) 6.88 (s, 4H) Ar-C (14-15 ,14'-15') 115.33 
Ar-H (14-15, 14'-15') 7.81-7.89 (d, 4H) Ar-C (12, 12') 124.9 
Ar-H (13, 16, 13', 16') 7.96-7.99 (d, 4H) Ar-C (2,3,5,6) 126.94 
2(-NH) 10.14 (s, 2H) Ar-C (13, 16, 13', 16') 128.75 
2(-OH) 10.58 (s, 2H) Ar-C (1, 4) 139.28 
  2(CH3C=N) (7, 7') 146.90 
  Ar-C (17, 17') 161.01 

L1H2

  2(-C=O) (11,11') 169.21 
2(CH3C=N) 2.37 (s, 6H) 2(CH3C=N) (8, 8') 27.28 
Ar-H  (2, 3, 5, 6) 7.75 (s, 4H) Ar-C (14-15 ,14'-15') 123.90 
Ar-H (13, 16, 13', 16') 8.01-8.13 (d, 4H) Ar-C (2,3,5,6) 128.76 
Ar-H (14, 15, 14', 15') 8.13-8.35 (d, 4H) Ar-C (13, 16, 13', 16') 130.00 
2(-NH) 11.19 (s, 2H) Ar-C (12, 12') 137.90 

  Ar-C (1, 4) 139.99 
  2(CH3C=N) (7, 7') 146.46 
  Ar-C (17, 17') 149.73 

L2H2

  2(-C=O) (11,11') 163.46 
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Fig. 4. Tautomeric forms of the ligands. When H2L1: Y=OH; H2L2

Y=NO2

of keto forms appeared around 10.14–11.19 ppm [17, 18]. Fur-

thermore, the observation of strong ν(C=O) absorption bands

around 1649–1664 cm−1 in the infrared spectra of the ligands
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suggest that the ligands are in the keto form in the solid state

[19, 20].

In the 1H-NMR spectra of (H2L1) the phenolic (OH) and

amide (NH) resonances appear as singlets at δ 10.58 (s, 2H)

and δ10.14 (s, 2H) ppm, respectively. Furthermore, the phenolic

moiety appears as 2 different doublets peaks at δ 7.81 (d, 4H)-

7.99 (d, 4H) ppm. While in the 1H-NMR spectra of (H2L2), the

proton of amide group (NH) appears as singlets at

δ 11.19 (s, 2H) ppm [19, 20]. The other obtained values for
1H-NMR chemical shifts of these compounds (the ring protons

and methyl resonances) are given Table 2. These data are in

agreement with that previously reported for similar compounds

[?21-25].

In the 13C-NMR spectrum of ligands different signals is ap-

peared at δ 146.9 and 146.46 ppm for H2L1 and H2L2 due to

(-C=N-NH). The signals of the carbon ring (Ar-C) of (H2L1) lig-

and appears at δ 115.33, 124.9, 126.94, 128.75, 139.28, 161.01

ppm, while that of (H2L2) ligand observes at δ 123.9, 128.76,

130, 137.9, 139.99, 149.73 ppm, Table 2. Furthermore, spectra

of (-C=O) appears at δ 169.21 and 163.46 ppm for (H2L1 and

H2L2) ligands, as expected [24]. However, the signal of primary

carbon of methyl groups appear at 27.28 ppm for (H2L1 and

H2L2), respectively. Table 2. These data are in agreement with

that previously reported for similar compounds [19, 20, 26, 27].

3.4 IR spectra of the H2L1, H2L2 ligands and their com-

plexes

In the IR spectra of ligands, the bands appearing at 1649 and

1664 cm−1 for (H2L1 and H2L2), respectively, are attributed to

the characteristic amide I v(C=O) band. The absorption band

of the v(C=Nimine) group is observed at 1607 and 1596 cm−1 for

(H2L1 and H2L2), respectively. Also the amide v(NH) stretching

band of these compounds is observed in the IR spectra at 3139

and 3184 cm−1 for (H2L1 and H2L2), respectively. Table 3.

In the case of (H2L1) ligand a broad peak is observed in the

3322 cm−1 region which is assigned to phenolic (OH) absorp-

tion, while in the case of IR spectra of (H2L2) ligand, the peaks

observed at 1521 and 1353 cm−1 are attributed to symmetric and

asymmetric stretching vibrations of nitro group [17, 20], [28]-

[31]. The characteristic IR peaks of hydrazone compounds syn-

thesized in this work are given in Table 3.

The characteristic IR frequency values of the complexes are

given in Table 3. The bands due to amide I, ν(C=O), ν(C=Nimine)

and amide ν(NH) are absent in the IR spectra of the complexes,

but two new bands appear at 1581, 1592 cm−1 and ∼1160 cm−1

probably due to (C=N-N=C) and (C-O) stretching, respectively,

suggesting that the NH proton is likely lost via deprotonation

induced by the metal and the resulting enolic oxygen and the

azomethine nitrogen take place in coordination [19-21]. The

shift of ν(N-N) stretch of the complexes to higher energy by

∼15–31 cm−1 comparing to that of free ligand can be another

evidence for the involvement of azomethine nitrogen in coordi-

nation [28, 31, 32]. The IR spectra of complexes derived from

H2L1 ligand shows a broad band between 3354-3213 cm−1,

which can be attributed to the free OH stretching mode indi-

cating non-participation of phenolic (OH) group in coordina-

tion. The symmetric and asymmetric stretching vibrations of

nitro group ν(NO2) of H2L2 ligand are observed almost at the

same frequencies as that of the free ligand indicating their non-

involvement on coordination.

3.5 Magnetic studies of metal(II) complexes

The magnetic susceptibility measurements of the complexes

(Table 1) shows cobalt(II), nickel(II) and copper(II) complexes

are paramagnetic, while zinc(II) and cadmium(II) complexes

are diamagnetic. However, the magnetic moment values of the

cobalt(II) complexes are in the region of 6.01-6.18 B.M while

those of the nickel(II) and copper(II) complexes are in the re-

gion of 3.40-3.68B.M and 2.33–2.53 B.M at 298 K, respectively.

These results can be observed that these magnetic moment val-

ues of these complexes are higher than the theoretical value of

3.87 B.M for d7 cobalt ion, 2.82 B.M for d8 nickel ion and

1.73 B.M for d9 copper ion. Furthermore, these magnetic mo-

ment values are lower than that expected for dinuclear cobalt(II),

nickel(II) and copper(II) complexes. All these data (Table 1) are

in agreement with previously reported for similar (four coor-

dination, Tetrahedral) complexes [23, 33]-[35]. These subnor-

mal magnetic moment values of the dinuclear complexes may

be explained by weak antiferromagnetic intramolecular interac-

tion since this situation can occur when two equivalent metal

ions are coupled via on exchange interaction in a polynuclear

complex [36]-[38].

3.6 Electronic absorption spectra

The spectrum of the ligands (Table 4) exhibit bands with

shoulders in the range of 36764-31645 cm−1 region, probably

due to π → π∗ transition of the benzenoid moiety of these com-

pounds and intraligand π → π∗ transitions, and also at 29498

and 27777 cm−1 due to n → π∗ transitions of the imine (C=N)

and carbonyl (C=O) groups [22, 39, 40]. In the complexes, the

bands due to n → π∗ transitions are shifted to higher or lower

values and also the charge transfer bands (LMCT) were ob-

served in the range of 27397–25906 cm−1.

The electronic spectrum of the Co(II) complexes (Fig. 2)

show one band at 13966 and 13495 cm−1, may be assigned to
4A2(F)→4T1(P)(v3) transition [34, 41, 42], further support the

presence of tetrahedral geometry around the metal ion. In the

electronic spectrum of Ni(II) complexes (Fig. 2), the band at

11507 and 11415 cm−1 is attributed to the 3T1(F)→3T1(P)(v3)

transition, This band are characteristic for tetrahedral sym-

metry. As expected, in the tetrahedral compounds (four

coordinate) the 4A2(F)→4T2(F)(v1), 4A2(F)→4T1(F)(v2) and
3T1(F)→3T2(F)(v1), 3T1(F)→3A2(F)(v2) transitions for Co(II)

and Ni(II) complexes, respectively, are probably located above

1000 nm, which is beyond the detection range of our instrument.

In addition to the ligand bands, the Cu(II) complexes (Fig. 6)
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Tab. 2. 1H-NMR and 13C-NMR spectra of the ligands in DMSO-d6 in δ (ppm).

Comp.
Chemical Shift ppm , δ Chemical Shift ppm , δ

Groups 1H-NMR Groups 13C-NMR

L1H2

2(CH3C=N) 2.39 (s, 6H) 2(CH3C=N) (8, 8’) 27.28

Ar-H (2, 3, 5, 6) 6.88 (s, 4H) Ar-C (14-15 ,14’-15’) 115.33

Ar-H (14-15, 14’-15’) 7.81-7.89 (d, 4H) Ar-C (12, 12’) 124.9

Ar-H (13, 16, 13’, 16’) 7.96-7.99 (d, 4H) Ar-C (2,3,5,6) 126.94

2(-NH) 10.14 (s, 2H) Ar-C (13, 16, 13’, 16’) 128.75

2(-OH) 10.58 (s, 2H) Ar-C (1, 4) 139.28

2(CH3C=N) (7, 7’) 146.90

Ar-C (17, 17’) 161.01

2(-C=O) (11,11’) 169.21

L2H2

2(CH3C=N) 2.37 (s, 6H) 2(CH3C=N) (8, 8’) 27.28

Ar-H (2, 3, 5, 6) 7.75 (s, 4H) Ar-C (14-15 ,14’-15’) 123.90

Ar-H (13, 16, 13’, 16’) 8.01-8.13 (d, 4H) Ar-C (2,3,5,6) 128.76

Ar-H (14, 15, 14’, 15’) 8.13-8.35 (d, 4H) Ar-C (13, 16, 13’, 16’) 130.00

2(-NH) 11.19 (s, 2H) Ar-C (12, 12’) 137.90

Ar-C (1, 4) 139.99

2(CH3C=N) (7, 7’) 146.46

Ar-C (17, 17’) 149.73

2(-C=O) (11,11’) 163.46

Tab. 3. IR spectral data of the ligands and their metal complexes as KBr pellets cm−1.

Comp. (NH) (C=O) (C=N) C=N-N=C (C-N) (C-O) (N-N) Other

L1H2 3139 1649 1607 —- —- —- 1016 v(OH): 3322

[{Co2(L1)2}n] —- —- —- 1583 1272 1167 1036 v(OH): 3354br

[{Ni2(L1)2}n] —- —- —- 1581 1270 1170 1035 v(OH): 3213br

[{Cu2(L1)2}n] —- —- —- 1592 1237 1163 1032 v(OH): 3284br

[{Zn2(L1)2}n] —- —- —- 1590 1272 1166 1033 v(OH): 3222

[{Cd2(L1)2}n] —- —- 1589 1270 1168 1031 v(OH): 3244

L2H2 3184 1664 1596 —- —- —- 958 v(NO2): sy:1353; asy:1521

[{Co2(L2)2}n] —- —- —- 1586 1267 1167 978 v(NO2): sy:1337; asy:1524

[{Ni2(L2)2}n] —- —- —- 1585 1265 1167 977 v(NO2): sy:1337 ; asy:1533

[{Cu2(L2)2}n] —- —- —- 1592 1263 1165 984 v(NO2): sy:1338 ; asy:1530

[{Zn2(L2)2}n] —- —- —- 1589 1265 1167 989 v(NO2): sy:1338 ; asy:1523

[{Cd2(L2)2}n] —- —- —- 1587 1265 1168 980 v(NO2): sy:1337 ; asy:1521

Tab. 4. Electronic spectral data λmax nm, v(cm−1) of the ligands and their metal complexes.

Compounds Electronic spectra data λmax(cm−1)

L1H2 339 (29498), 312 (32051), 272 (36764)

L2H2 360 (27777), 316 (31645), 284 (35211)

[{Co2(L1)2}n] 716 (13966), 386 (25906), 355 (28169), 328 (30487), 277 (36101)

[{Co2(L2)2}n] 741 (13495), 365 (27397), 332 (30120), 311 (32154), 275 (36363)

[{Ni2(L1)2}n] 876 (11415), 379 (26385), 339 (29498), 318 (31446), 273 (36630)

[{Ni2(L2)2}n] 869 (11507), 380 (26315), 336 (29761), 310 (32258), 273 (36630)

[{Cu2(L1)2}n] 842 (11876), 382 (26178), 330 (30303), 316 (31645), 273 (36630)

[{Cu2(L2)2}n] 855 (11695), 384 (26041), 331 (30211), 317 (31545), 294 (34013)

[{Zn2(L1)2}n] 371 (26954), 340 (29411), 278 (35971)

[{Zn2(L2)2}n] 385 (25974), 350 (28571), 293 (24129)

[{Cd2(L1)2}n] 374 (26737), 336 (29761), 271 (36900)

[{Cd2(L2)2}n] 389 (25706), 361 (27700), 291 (34364)

show a distinct d-d band at 11876 and 11695 cm−1, may be

assigned to 2T2 →
2E transition [43], suggested an tetrahedral

environment around the Cu2+ ion. The spectrum of the Zn(II)

and Cd(II) complexes exhibits a strong intense band at 26954-

25706 cm−1, which are assigned to a ligand→metal (LMTC)

charge transfer excitation. Both of Zn(II) and Cd(II) complexes
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the dinuclear complexes may be explained by weak antiferromagnetic intramolecular interaction since this situation can 
occur when two equivalent metal ions are coupled via on exchange interaction in a polynuclear complex [36-38].  
 

3.6 Electronic absorption spectra 
      The spectrum of the ligands (Table 4) exhibit bands with shoulders in the range of 36764-31645 cm–1 region, probably 
due to π→π * transition of the benzenoid moiety of these compounds and intraligand π→π * transitions, and also at 29498 
and 27777 cm–1 due to n→π * transitions of the imine (C=N) and carbonyl (C=O) groups [22, 39,40]. In the complexes, the 
bands due to n→π * transitions are shifted to higher or lower values and also the charge transfer bands (LMCT) were 
observed in the range of 27397–25906 cm–1.  
 
Tab. 4. Electronic spectral data λmax nm, v(cm-1) of the ligands and their metal complexes. 

Compounds Electronic spectra data λmax(cm-1) 

L1H2 339 (29498), 312 (32051), 272 (36764)  

L2H2 360 (27777), 316 (31645), 284 (35211) 

[{Co2(L1)2}n] 716 (13966), 386 (25906), 355 (28169), 328 (30487), 277 (36101) 

[{Co2(L2)2}n] 741 (13495), 365 (27397), 332 (30120), 311 (32154), 275 (36363) 

[{Ni2(L1)2}n] 876 (11415), 379 (26385), 339 (29498), 318 (31446), 273 (36630) 

[{Ni2(L2)2}n] 869 (11507), 380 (26315), 336 (29761), 310 (32258), 273 (36630) 

[{Cu2(L1)2}n] 842 (11876), 382 (26178), 330 (30303), 316 (31645), 273 (36630) 

[{Cu2(L2)2}n] 855 (11695), 384 (26041), 331 (30211), 317 (31545), 294 (34013) 

[{Zn2(L1)2}n] 371 (26954), 340 (29411), 278 (35971) 

[{Zn2(L2)2}n] 385 (25974), 350 (28571), 293 (24129) 

[{Cd2(L1)2}n] 374 (26737), 336 (29761), 271 (36900) 

[{Cd2(L2)2}n] 389 (25706), 361 (27700), 291 (34364) 
 
      The electronic spectrum of the Co(II) complexes (Fig. 2) show one band at 13966 and 13495 cm–1, may be assigned to 
4A2(F)→ 4T1(P)(v3) transition [34, 41, 42], further support the presence of tetrahedral geometry around the metal ion. In the 
electronic spectrum of Ni(II) complexes (Fig. 2), the band at 11507 and 11415 cm–1 is attributed to the 3T1(F)→ 3T1(P)(v3) 
transition, This band are characteristic for tetrahedral symmetry. As expected, in the tetrahedral compounds (four 
coordinate) the 4A2(F)→ 4T2(F)(v1), 4A2(F)→ 4T1(F)(v2) and 3T1(F)→ 3T2(F)(v1), 3T1(F)→ 3A2(F)(v2) transitions for Co(II) and 
Ni(II) complexes, respectively, are probably located above 1000 nm, which is beyond the detection range of our instrument .  
      In addition to the ligand bands, the Cu(II) complexes (Fig. 3) show a distinct d-d band at 11876 and 11695 cm–1, may be 
assigned to 2T2→ 2E transition [43], suggested an tetrahedral environment around the Cu2+ ion. The spectrum of the Zn(II) 
and Cd(II) complexes exhibits a strong intense band at 26954-25706 cm–1, which are assigned to a ligand→metal (LMTC) 
charge transfer excitation. Both of Zn(II) and Cd(II) complexes show no bands in the visible region as expected for d10 
systems [44, 45]. The electronic absorption spectra for the bis-acylhydrazone ligands and their metal (II) complexes 
recorded in DMF solvent (10-2M) are given in Table 4. 
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Figure 3: Electronic absorption spectra of Cu+2 complexes

in DMF (10‐2)M:  (e) [{Cu2(L
1)2}n] ; (f) [{Cu2(L

2)2}n]. 
 Figure 2: Electronic absorption spectra of Co

+2 and Ni+2 complexes in DMF 
(10‐2)M:(a) [{Co2(L

1)2}n] ; (b) [{Co2(L
2)2}n] ; (c) [{Ni2(L

1)2}n] ; (d) [{Ni2(L
2)2}n] 
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Fig. 5. Electronic absorption spectra of Co+2 and Ni+2 complexes in DMF

(10−2)M: (a)[Co2(L1)2n]; (b) [Co2(L2)2n]; (c)[Ni2(L1)2n]; (d) [Ni2(L2)2n]

the dinuclear complexes may be explained by weak antiferromagnetic intramolecular interaction since this situation can 
occur when two equivalent metal ions are coupled via on exchange interaction in a polynuclear complex [36-38].  
 

3.6 Electronic absorption spectra 
      The spectrum of the ligands (Table 4) exhibit bands with shoulders in the range of 36764-31645 cm–1 region, probably 
due to π→π * transition of the benzenoid moiety of these compounds and intraligand π→π * transitions, and also at 29498 
and 27777 cm–1 due to n→π * transitions of the imine (C=N) and carbonyl (C=O) groups [22, 39,40]. In the complexes, the 
bands due to n→π * transitions are shifted to higher or lower values and also the charge transfer bands (LMCT) were 
observed in the range of 27397–25906 cm–1.  
 
Tab. 4. Electronic spectral data λmax nm, v(cm-1) of the ligands and their metal complexes. 

Compounds Electronic spectra data λmax(cm-1) 

L1H2 339 (29498), 312 (32051), 272 (36764)  

L2H2 360 (27777), 316 (31645), 284 (35211) 

[{Co2(L1)2}n] 716 (13966), 386 (25906), 355 (28169), 328 (30487), 277 (36101) 

[{Co2(L2)2}n] 741 (13495), 365 (27397), 332 (30120), 311 (32154), 275 (36363) 

[{Ni2(L1)2}n] 876 (11415), 379 (26385), 339 (29498), 318 (31446), 273 (36630) 

[{Ni2(L2)2}n] 869 (11507), 380 (26315), 336 (29761), 310 (32258), 273 (36630) 

[{Cu2(L1)2}n] 842 (11876), 382 (26178), 330 (30303), 316 (31645), 273 (36630) 

[{Cu2(L2)2}n] 855 (11695), 384 (26041), 331 (30211), 317 (31545), 294 (34013) 

[{Zn2(L1)2}n] 371 (26954), 340 (29411), 278 (35971) 

[{Zn2(L2)2}n] 385 (25974), 350 (28571), 293 (24129) 

[{Cd2(L1)2}n] 374 (26737), 336 (29761), 271 (36900) 

[{Cd2(L2)2}n] 389 (25706), 361 (27700), 291 (34364) 
 
      The electronic spectrum of the Co(II) complexes (Fig. 2) show one band at 13966 and 13495 cm–1, may be assigned to 
4A2(F)→ 4T1(P)(v3) transition [34, 41, 42], further support the presence of tetrahedral geometry around the metal ion. In the 
electronic spectrum of Ni(II) complexes (Fig. 2), the band at 11507 and 11415 cm–1 is attributed to the 3T1(F)→ 3T1(P)(v3) 
transition, This band are characteristic for tetrahedral symmetry. As expected, in the tetrahedral compounds (four 
coordinate) the 4A2(F)→ 4T2(F)(v1), 4A2(F)→ 4T1(F)(v2) and 3T1(F)→ 3T2(F)(v1), 3T1(F)→ 3A2(F)(v2) transitions for Co(II) and 
Ni(II) complexes, respectively, are probably located above 1000 nm, which is beyond the detection range of our instrument .  
      In addition to the ligand bands, the Cu(II) complexes (Fig. 3) show a distinct d-d band at 11876 and 11695 cm–1, may be 
assigned to 2T2→ 2E transition [43], suggested an tetrahedral environment around the Cu2+ ion. The spectrum of the Zn(II) 
and Cd(II) complexes exhibits a strong intense band at 26954-25706 cm–1, which are assigned to a ligand→metal (LMTC) 
charge transfer excitation. Both of Zn(II) and Cd(II) complexes show no bands in the visible region as expected for d10 
systems [44, 45]. The electronic absorption spectra for the bis-acylhydrazone ligands and their metal (II) complexes 
recorded in DMF solvent (10-2M) are given in Table 4. 
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Figure 3: Electronic absorption spectra of Cu+2 complexes

in DMF (10‐2)M:  (e) [{Cu2(L
1)2}n] ; (f) [{Cu2(L

2)2}n]. 
 Figure 2: Electronic absorption spectra of Co

+2 and Ni+2 complexes in DMF 
(10‐2)M:(a) [{Co2(L

1)2}n] ; (b) [{Co2(L
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Fig. 6. Electronic absorption spectra of Cu+2 complexes in DMF (10-2)M:

(e) [Cu2(L1)2n] ; (f)[Cu2(L2)2n]

show no bands in the visible region as expected for d10 sys-

tems [44, 45]. The electronic absorption spectra for the bis-

acylhydrazone ligands and their metal (II) complexes recorded

in DMF solvent (10−2M) are given in Table 4.

4 Conclusion

In this work the synthesis and characterization of the poly-

meric dinuclear metal(II) complexes derived from the reac-

tion of 1,4-diacetylbenzene bis(4-hydroxy benzoylhydrazone)

(H2L1) or 1,4-diacetylbenzene bis(4-nitro benzoyl hydrazone)

(H2L2) and two equivalent molar of base (KOH) with anhydrous

metal chlorides yields the complex [{M2(Lx)2}n];x =1,2 where

the ligands act as dinegative, tetradentate and the coordination

takes place in the enol tautomeric form, suggesting, to be four-

coordination with a N2O2 donor environment. Each ligand is

coordinated through the azomethine nitrogen and the enolic oxy-

gen atoms while the phenolic (OH) and nitro (NO2) groups of

bis-acylhydrazone moiety do not participate in coordination.

 
4 Conclusion 

      In this work the synthesis and characterization of the polymeric dinuclear metal(II) complexes derived from the reaction 
of 1,4-diacetylbenzene bis(4-hydroxy benzoylhydrazone) (H2L1) or 1,4-diacetylbenzene bis(4-nitro benzoyl hydrazone) 
(H2L2) and two equivalent molar of base (KOH) with anhydrous metal chlorides yields the complex [{M2(Lx)2}n]; x =1,2 
where the ligands act as dinegative, tetradentate and the coordination takes place in the enol tautomeric form, suggesting, to 
be four-coordination with a N2O2 donor environment. Each ligand is coordinated through the azomethine nitrogen and the 
enolic oxygen atoms while the phenolic (OH) and nitro (NO2) groups of bis-acylhydrazone moiety do not participate in 
coordination.  
     The 1H-NMR, 13C-NMR, elemental analysis(CHN), FT-IR infrared spectra, Magnetic susceptibility measurements and 
UV–vis. electronic absorption spectra of the (L1H2) and (L2H2) ligands and their metal(II) complexes were recorded and 
investigated. Furthermore,  the elemental analysis results and spectral data are proposed the polymeric dinuclear metal(II) 
complexes [{M2(Lx)2}n] when [x = 1,2; M = Ni(II), Co(II), Cu(II), Zn(II) and Cd(II)] an tetrahedral geometry around the 
metal(II) ions.(Fig. 4). 
 
 

M = Co(II) , Ni(II), Cu(II), Zn(II) and Cd(II) ; L1H2 : Y = OH ; L2H2 : Y = NO2

n

Figure 4: Suggested structure for the polymeric dinuclear complexes [{M2(L
x)2}n]
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Fig. 7. Suggested structure for the polymetric dinuclear complexes

[{M2(Lx)2}n]

The 1H-NMR, 13C-NMR, elemental analysis(CHN), FT-IR

infrared spectra, Magnetic susceptibility measurements and

UV–vis. electronic absorption spectra of the (L1H2) and (L2H2)

ligands and their metal(II) complexes were recorded and inves-

tigated. Furthermore, the elemental analysis results and spec-

tral data are proposed the polymeric dinuclear metal(II) com-

plexes [{M2(Lx)2}n] when [x = 1,2; M = Ni(II),Co(II), Cu(II),

Zn(II) and Cd(II)] an tetrahedral geometry around the metal(II)

ions.(Fig. 4).
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