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A series of Mn(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), La(III), Ru(III), Hf(IV), Zr(IV) and
U(VI) complexes of phenylamino acetoacetylacetone hydrazone have been synthesized and
characterized by elemental analyses, IR, UV–Vis, magnetic moments, conductances, thermal
analyses (DTA and TGA) and ESR measurements. The IR data show that the ligand is neutral
bidentate, monobasic bidentate, monobasic tridentate or dibasic tridentate towards the metal
ion. Molar conductances in DMF indicate that the complexes are non-electrolytes. The ESR
spectra of solid [(L)(HL)Cu2(NO3)(H2O)] � 1/2H2O (10) and [(H2L)Cu(Cl)2(H2O)2] (11) show
axial spectra with gk4g?42.0023 indicating dðx2�y2Þ ground state with significant covalent
bond character. However, [(HL)2Mn2(Cl)2(H2O)4 �H2O (13) shows an isotropic spectrum,
indicating manganese(II) to be octahedral. Antibacterial and antifungal tests of the ligand and
some of its metal complexes revealed that the complexes are more potent bactericides and
fungicides than the ligand.

Keywords: Complexes; Spectroscopic studies; Conductivity; Thermal analyses; Syntheses;
Magnetism; Biological activity

1. Introduction

Coordination chemistry of hydrazones has applications in antibacterial, antitumor
and antitubercular activities [1, 2]. Hydrazones have been used as analytical reagents [3],
as polymer-coating pigment [4] and fluorescent materials [5]. Synthesis and
characterization of metal complexes of a bishydrazone derived from isatin
monohydrazone and 2-hydroxyl-1-naphthaldehyde showed interesting biological
properties [6, 7]. Transition metal complexes of salicylaldehyde thiazolyl hydrazone
were prepared and characterized [8]. Acylhydrazones and their copper(II) complexes
have been studied [9]. Dinuclear copper and iron complexes mimic bimetallic sites
in various enzymes [10] and showed antifungal and antibacterial activities [11].
Metal(II) complexes of 2-acetylpyridine benzoylhydrazone were synthesized and
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crystallographically characterized [12]. Manganese(II), iron(III), nickel(II), cobalt(II)
and zinc(II) complexes of 2,6-diformyl-4-methylphenoldibenzoylhydrazone have been
prepared and characterized by elemental and spectroscopic measurements [13].
Cobalt(II), nickel(II), copper(II) and zinc(II) complexes of glyoxal bis(2-pyrazinoyl)
hydrazone have also been prepared and characterized on the basis of analytical data
and various physicochemical studies [14]. Mono-, di- or trinuclear dioxouranium
complexes of vanillin benzoylhydrazone, salicylaldehyde benzoylhydrazone and
2-hydroxyacetyl benzene salicylhydrazone were prepared and characterized by
elemental, X-ray analyses and spectroscopic measurements [15]. We now report the
synthesis and characterterization of metal complexes of phenylamino acetoacetyl
acetone hydrazone.

2. Experimental

Reagent grade chemicals were used. Phenylamino acetohydrazide was prepared by
a published method [16]. Elemental analyses were determined by the Analytical Unit
of Cairo University of Egypt. Standard methods were used to determine the metal ion
content. All metal complexes were dried in vacuo over anhydrous CaCl2. The IR spectra
were measured using a Perkin-Elmer 683 spectrophotometer (4000–200 cm�1).
Electronic spectra in DMF were recorded on a Perkin-Elmer 550 spectrophotometer.
The conductances of 10�3M complexes in DMF were measured at 25�C with a Bibby
conductometer type MCl. The 1H-NMR spectrum of the ligand in deuterated DMSO
was recorded using a 300MHz Varian NMR spectrometer. The thermal analyses
(DTA and TGA) were carried out in air on a Shimadzu DT-30 thermal analyzer from
27 to 800�C at a heating rate of 10�C per minute. The magnetic moments of solid
complexes were measured at room temperature with a Johnson Matthey magnetic
susceptibility balance using Hg[Co(SCN)4] as a calibrant. Diamagnetic corrections were
calculated from Pascal’s constants [17]. All ESR measurements of solid samples at room
temperature were made using a Varian E-109 spectrophotometer. DPPH was used
as a standard.

2.1. Preparation of [H2L] (1) and its metal complexes

2.1.1. Preparation of [H2L] (1). Acetylacetone (1.1 g, 0.01mol) was added dropwise
to a solution of phenylaminoacetohydrazide (1.7 g, 0.01mol) in 25mL EtOH.
The mixture was refluxed for 3 h and then left to cool to room temperature.
The solid product was filtered off, washed several times with EtOH and dried over
anhydrous CaCl2.

2.1.2. Preparation of metal complexes 2–5, 7, 9–10, 12–14, 16–18, 20–22, and 23. These
complexes were prepared by mixing stoichiometric ratios (1 : 1 or 2 : 1) of the ligand
(30mL EtOH) and metal salts (50mL) in ethanol. The mixture was refluxed on a hot
plate with stirring for 1–2 h, then a few drops of TEA (5 drops) were added. The
mixture was heated for another 1 h. Cooling to room temperature, fine crystals
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separated, were filtered off, washed several times with EtOH and dried over

anhydrous CaCl2.

2.1.3. Preparation of metal complexes (6), (8), (11), (15), and (19). These complexes

were prepared by mixing stoichiometric ratios (1 : 1 or 2 : 1) of the ligand (30mL EtOH)

and metal salts (50mL EtOH). The mixture was refluxed on a hot plate with stirring

for 1–2 h. Upon cooling to room temperature the precipitate which formed was filtered

off, washed several times with EtOH and dried over anhydrous CaCl2.

2.2. Microbiology

2.2.1. Fungus media. Czapek dox agar medium was prepared by standard method

[18]. Aspergillus Niger was spread over each dish by using a sterile bent Loop rod. Disks

were cut by a sterilized cork borer and then taken by sterilized needle. The resulting pits

are sites for the tested compounds. The plates are incubated at 30�C for 24–48 h and

then any clear zones present were detected.

2.2.2. Bacteria media. Nutrient agar medium was prepared by standard method [18].

E. coli was spread over each dish by using a sterile bent Loop rod. Disks were cut by a

sterilized cork borer and then taken by sterilized needle. The resulting pits are sites for

the tested compounds. The plates are incubated at 37�C for 24–48 h and then any clear

zones present were detected.

3. Results and discussion

Reaction of phenyl amino acetohydrazide with acetylacetone in EtOH 1 : 1 molar ratio

led to formation of H2L (1), as shown in scheme 1.

N H C H 2 C

O

N H N H 2 H 2C

C

C

H 3C

H 3C

O

O

N H C H 2 C

O

N H

N C

C H 2

CO

C H 3

C H 3

+
(1 :1 )

E t O H

Scheme 1. Preparation of the ligand.
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The IR spectra of the ligand and its metal complexes show that the ligand has

tautomeric forms (I–III), as shown below:

Reaction of 1 with metal salts using (1 : 1) or (2 : 1) molar ratios in the presence

of triethylamine gives 2, 3, 4, 5, 7, 9, 10, 12, 13, 14, 16, 17, 18, 20, 21, 22 and 23,

however, in the absence of triethylamine it gives complexes 6, 8, 11, 15 and 19 with

different geometries. The reactions leading to complexes 2–23 are represented

schematically in scheme 2.
The new complexes are intensely colored, crystalline solids stable at room

temperature and insoluble in non polar and polar solvents but soluble in polar

coordinating solvents such as DMSO and DMF. Elemental analyses, physical data

(table 1), and spectral data (tables 2 and 3) are compatible with the suggested structures,

as shown in figure 1. Reaction of 7 and 14 with acetylacetone (1 : 1 molar ratio)
in ethanol led to formation of 8 and 15, respectively.

3.1. 1H-NMR spectrum

The 1H-NMR spectrum of H2L in deuterated DMSO shows signals consistent with the

proposed structure. The peaks at 7.05–7.1 ppm are assignable to the NH proton [19].

Multiplets at 6.20–6.62 ppm are due to aromatic protons. The resonances at 4.63 and

2.46 ppm are due to methylene and methyl groups, respectively [12, 19, 20]. The zinc(II)

complex 19 shows peaks at 6.5–6.92 ppm due to NH protons and the aromatic

protons are at 5.78–5.88 ppm. The methylene and methyl groups are observed at 3.58

and 2.4 ppm [12, 19, 20]. The shift of the peaks to lower values indicate that

coordination occurred.

ONO trifunctionalized hydrazone ligand 2383
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3.2. Conductivity measurements

The molar conductance values of the complexes in DMF (10�3M) are in the 1.3–12.4
��1 cm2mol�1 range (table 1); the low values indicate non-electrolytic complexes [21],
confirming that the anion is coordinated to the metal.

3.3. IR spectra

The bonding of the ligand to the metal has been deduced from IR spectra.
Important spectral bands of the ligand and metal complexes are presented in table 2.
The IR spectrum of the ligand shows broad medium bands in the 3510–3200 and
3185–2580 cm�1 ranges, attributed to intra- and intermolecular hydrogen bonds.
The two bands indicate two types of hydrogen bonds, the higher frequency band

[(HL)(ZrO)2(H2O)(Cl)3] 2H2O 
(17)

[(L)La2(OH)2(H2O)3(CL)2]4H2O 

 (22)
[(HL)Hf2(OH)5(H2O) Cl ]2H2O 

(18)
(HL)2Ru2(OH)2(H2O)2Cl2 

(16)
[(HL) (UO2)2(OAc)3(H2O)]5H2O 

(23)

UO2(OAc)2(1:2)

EtOH/TEA

LaCl3.7H2O(1:2)
EtOH/TEA

HfCl4(1:2)
EtOH/TEA

ZrOCl2.8H2O(1:2)
EtOH/TEA

RuCl3(1:2)
EtOH/TEA

H2L 
(1) 

Co(OAc)2.H2O(1:2)
EtOH/TEA[(L)Co2(OAc)2(H2O)5]6H2O 

(5) 

Co(NO3)2.6H2O(1:1)
EtOH/TEA

[(H2L)Co(NO3)2(H2O)2] 
               (6) 

CoCl2.6H2O(1:2)
EtOH/TEA

[(HL) Co3(OH)(H2O)7(Cl)4] 
(7) 

Hacac (1:1)
EtOH 

[(H2L)Co(acac)(Cl)]2H2O
(8) 

MnCl2.4H2O) (1:1)

EtOH/TEA

Mn(OAc)2.4H2O) (1:2))

EtOH/TEA [(L)Mn2(OAc)2(H2O)5]
               (12) 

[(HL)2Mn2Cl2(H2O)4] 
(13)

FeCl3.6H2O) (1:2)
EtOH/TEA

[(H2L)Fe4(OH)7(H2O)6(Cl)5]2H2O
                     (14)

Hacac (1:1)
EtOH 

[(HL)Fe(acac)Cl ]5H2O 
(15)

Zn(OAc)2.2H2O (1:1)

EtOH 

Zn(NO3)2.2H2O (1:1)

EtOH 
.ZnCl22H2O (1:1) 

EtOH/TEA

[(HL)Zn(OAc)(H2O)2]H2O 
(19)

[(HL)Zn(OH)(NO3)]
(20)

[(HL)Zn2(OH)2Cl(H2O)] 
(21)

Ni(OAc)2.4H2O (1:2)

EtOH/TEA

Ni(NO3)2.6H2O (1:2)

EtOH/TEA

NiCl2.6H2O (1:2)

EtOH/TEA

Cu(OAc)2.4H2O (1:1)

EtOH/TEA

Cu(NO3)2.3H2O (1:1)

EtOH/TEA

CuCl2.2H2O (1:1)

EtOH/TEA

[[(HL)2Ni2(OAc)2(H2O)4] 1/2 H2O 
(2) 

[(HL)Ni2(NO3)(OH)(H2O)]H2O 
             (3) 

[(L)Ni3(H2O)(Cl)4] 
(4) 

[(L) Cu2(OAc)2(H2O)]2H2O 
(9) 

[(H2L)CuCl2(H2O)2] 
             (11)

[(L)(HL)Cu2(NO3)(H2O)4] 2 H2O 
                 (10)

TEA= Triethylamine 

Hacac = Acetylacetone

Scheme 2. Preparation of the metal complexes.
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(3510–3200 cm�1) is associated with a weaker hydrogen bond between –OH and4C¼N
groups in the same molecule and the lower frequency band (3185–2580 cm�1) is from
stronger hydrogen bond between –NH or –OH and 4C¼O or 4C¼N of different
molecules [22, 23]. The spectrum shows bands at 3405, 3108, 1718 and 1605 cm�1,
assigned to secondary �(NH), �(C¼O) and �(C¼N), respectively [24–26]. Bands at 1589,
1513 and 1326 cm�1 correspond to �(C¼C)Ar, �(CH¼C)Al and �(C–O), respectively
[25, 27]. The complexes show a broad band from lattice water at 3660–3150 cm�1,
except 6, 7, 11, 12, 20 and 21; coordinated water appears at 3450–2750 cm�1 except in 8,
15, 17 and 20 [27–29]. Two types of hydrogen bonds (intra- and intermolecular) are
observed at 3630–3000 and 3235–2435 cm�1 in 2–23 [26–28], (table 2). However, the
secondary �(NH) appears at 3434–3248 and 3267–3143 cm�1, except for 9, 12 and 22

[27, 29]. The complexes show a band between 1763–1651 cm�1 (table 2), assigned to
�(C¼O) [30, 31] and bands between 1649–1604, 1605–1546 and 1532–1505 cm�1 are due
to �(C¼N), �(C¼C)Ar and �(CH¼C), respectively [25, 32]. The shift of these bands
indicates coordination. Complexes 3, 7, 14, 20 and 21 show a band at 3691–3500 cm�1,
due to coordinated �(OH) group, and bridging �(OH) is observed at 981–826 cm�1 for
14, 16, 18, 21 and 22 (table 2) [29]. Extensive IR spectral studies reported on metal
acetato complexes [33] indicate that the acetato ligand coordinates in either a
monodentate, bidentate or bridging manner. The �a(CO2) and �s(CO2) of the free
acetate are at 1560 and 1416 cm�1, respectively. In monodentate coordination �(C¼O)
is at higher energy than �a(CO2) and �(C–O) is lower than �s(CO2). As a result, the
separation between �(CO) bands is much larger in monodentate complexes. In 5, 9, 12,
19 and 23 the �a(CO2)¼1600, 1615, 1600, 1576 and 1605 cm�1 and �s(CO2)¼1400, 1378,
1410, 1407 and 1400 cm�1, respectively, however, bridging acetate group with both

Table 3. UV-Vis spectra of H2L (1) and its metal complexes.

No. �max (nm)

(1) 320 (“¼ 7.7� 103mol�1 cm�1)
270 (“¼ 6.5� 103mol�1 cm�1)

(2) 850, 620, 490, 315, 265
(3) 570, 475, 290, 250
(4) 550, 450, 295, 255
(5) 660, 550, 385, 290
(6) 645, 580, 400, 315, 250
(7) 650, 550, 390, 310, 245
(8) 670, 560, 390, 315, 255
(9) 600, 420, 390, 310, 230
(10) 600, 480, 395, 315, 260
(11) 665, 490, 435, 310, 230
(12) 580, 480, 285, 255
(13) 680, 545, 480, 310, 240
(14) 660, 550, 460, 300, 255
(15) 665, 490, 445, 310, 260
(16) 620, 410, 300, 255
(17) 420, 310, 255
(18) 420, 310, 255
(19) 315, 220
(20) 315, 220
(21) 305, 220
(22) 315, 240
(23) 445, 310, 250
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Figure 1. Structure representations of the metal complexes.
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Figure 1. Continued.
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Figure 1. Continued.
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Figure 1. Continued.
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oxygens coordinated (as in copper(II) acetate) have �(CO) bands close to the free ion

values [29, 34], as found for 2, 5, 9, 12 and 23 (i.e., �a(CO2)¼1570, 1561, 1565, 1580 and

1570 cm�1), �s(CO2)¼1418, 1414, 1422, 1400 and 1411 cm�1. Complexes 3 and 10 show

bands at 1490, 1386, 1178, 826, 758, 1466, 1370, 1180, 830, and 765 cm�1, and

complexes 6 and 20 show bands at 1382, 1216, 827, 752, 1383, 1216, 812, and 755 cm�1,
respectively (table 2), assigned to bridging and terminal nitrate [29, 33, 35, 36]. The

band at 1350–1245 cm�1, except for 12 and 14, is from �(CO) [27, 29]. Complexes 4, 14,

16 and 17 show bands at 370 and 380 cm�1 and in the 425–421 cm�1 range

corresponding to bridging and terminal chlorides; complexes 7 and 13 show bands at

380 and 365 cm�1 indicating a bridging chloride; 8, 11, 15, 18, 21 and 22 show a band at

420–415 cm�1, assigned to terminal chloride [29, 37]. Complex 23 shows a band

at 918 cm�1 due to O¼U¼O [38]. The bonding of metal to ligand through

the oxygen and nitrogen atoms is supported by the presence of new bands

in the 694–614 and 629–501 cm�1 ranges, due to �(M–O) and �(M–N), respectively

[33, 39].
The above results together with the elemental analysis indicate that the

hydrazone is a neutral bidentate (6, 7, 11, 14, 20), monobasic bidentate

(2, 3, 13, 16–18, 21, 23), monobasic tridentate (8, 15, 19) or dibasic tridentate
(4, 5, 9, 10, 12, 22) ligand via the carbonyl oxygen of the hydrazide moiety, carbonyl

oxygen of the acetylacetone moiety in enolic or ketonic form and azomethine

nitrogen atom.

3.4. Magnetic moment

The room temperature magnetic moments of 2–23 are presented in table 1. Ni(II)

complex 2 gave moments of 2.3 B.M., indicating octahedral geometry. The low

moments indicate spin exchange interactions take place between the Ni(II) ions through

the acetate group. Complexes 3 and 4 are diamagnetic confirming square planar

geometry around Ni(II) [38–40]. Cobalt(II) complexes 5–8 gave moments in the 4.9–3.9

B.M. range (table 1), indicating high spin octahedral complexes [19]. The magnetic

moments for the copper(II) complexes 9, 10 and 11 are 1.2, 1.3 and 1.77 B.M.; for 9 and

10, the moments are well below the spin-only moment (1.73 B.M.), indicating spin-

exchange interactions between the copper(II) ion in a square planar or octahedral

geometry [39]. The moment of 11 corresponds to one unpaired electron in an octahedral

structure [19]. The magnetic moment values for 12 and 13 are 3.6 and 3.4 B.M.

suggesting octahedral geometry around manganese(II) [19]. The low moments may be
ascribed to superexchange which takes place between manganese(II) ions. Iron(III)

complex 14 has a moment of 3.2 B.M., and the reduced magnetic moment may result

from spin density exchange between the iron(III) centers in an octahedral structure,

Complex 15 has a moment of 5.74 B.M., indicating high spin octahedral iron(III) [6].

Ruthenium(III) complex 16 gave a magnetic moment of 1.5 B.M., well below the spin

only moment, indicating spin-exchange interactions between ruthenium(III) ions

through the hydroxyl group in octahedral structure [41]. Zirconium(IV) complex 17,

hafnium(IV) complex 18, zinc(II) complexes 19–21, lanthanum(III) complex 22 and

uranyl complex 23 are diamagnetic.
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3.5. Electronic spectra

The electronic spectral data of the ligand 1 and its metal complexes in DMF solution

are presented in table 3. Complex 2 shows bands at 490, 620 and 850 nm, attributable to
3A2g(F)!

3T1g(P) (�3),
3A2g(F)!

3T1g(F) (�2) and
3A2g(F)!

3T2g(F) (�1) transitions,
respectively, indicating octahedral nickel(II) [42]. The �2/�1 ratio for 2 is 1.37 which is

less than the usual range of 1.5–1.75, indicating distorted octahedral nickel(II) [43].

However, 3 and 4 show bands at 475 and 570 nm and 450 and 550 nm, respectively,

assigned to 3T1!
3T2 and 3T1(F)!

3T2(P) transitions, indicating square planar

nickel(II) [38, 44]. Complexes 5, 6, 7 and 8 show bands in the 400–385, 580–550 and

670–645 nm ranges, assigned to 4T1g(F)!
4T1g(P),

4T1g(F)!
4A2g and

4T1g(F)!
4T2g(F) transitions, respectively, corresponding to high spin octahedral

cobalt(II) [40, 45]. Copper(II) complexes 9, 10 and 11 show different bands (table 3).

Complex 9 shows bands at 390, 420 and 600 nm, corresponding to 2B1g!
2B2g,

2B1g!
2Eg and 2B1g!

2A1g transitions, respectively, suggesting a square-planar

geometry [46]. However, 10 and 11 show bands at 395, 480 and 600 nm and 435, 490

and 665 nm, respectively, assigned to ligand!metal charge transfer, 2B1!
2E and

2B1!
2B2 transitions, indicating distorted octahedral structures [9, 43, 47]. Complexes

12 and 13 show bands at 480, 580 and 665 nm and 480, 545 and 680 nm, respectively,

corresponding to 6A1g!
4Eg,

6A1g!
4T2g and 6A1g!

4T1g transitions, compatible to

octahedral geometry around manganese(II) [48]. Complexes 14 and 15 show bands at

460, 550 and 660 nm and 445, 490 and 665 nm, respectively. The first two bands are due

to charge transfer transition while the last band arises from the 6A1!
4T1 transition,

suggesting distorted octahedral geometry around the iron(III) [47, 49]. Complex 16

shows bands at 410 and 620 nm, the first due to LMCT and the second to 2T2g!
2A2g.

The band positions are similar to those observed for other octahedral ruthenium(III)

complexes [50, 51]. Zirconium(IV) complex 17, hafnium(IV) complex 18, zinc(II)

complexes 19, 20 and 21, lanthanum(III) complex 22, and uranyl(VI) complex 23 show

bands (table 3) indicating intraligand transitions [49, 52, 53].

3.6. Electron Spin Resonance (ESR)

The ESR spectra of solid copper(II) complexes 10 and 11 at room temperature have axial

symmetry of a dðx2�y2Þ ground state [54]. The g-values suggest octahedral geometry [30]

and the complexes show gk4g?42.0023, indicating tetragonal distortion around the

copper(II) ion [22, 55, 56]. The ESR parameters for 10 are gk¼ 2.27, g?¼ 2.09 and

giso¼ 2.15, Ak¼ 150G, A?¼ 30G and Aiso¼ 70G, G¼ 3.0, Ak¼ 0.0159 cm�1, �2¼ 0.8,

gk/Ak¼ 142.7 cm�1, Kk¼ 0.82, K?¼ 1.05 and K¼ 0.98, �1
2
¼ 0.84 and �2¼ 1.38, and for

(11), are gk¼ 2.28, g?¼ 2.06 and giso¼ 2.13 and G¼ 4.66 respectively, K?¼ 0.79,

Kk¼ 0.48 and K¼ 0.82. The g-values are related by the expression [56] G¼ (gk�2)/

(g?�2), if G44.0, then local tetragonal axes are aligned parallel or only slightly

misaligned, and if G54.0, significant exchange coupling is present. Complex 10 shows a

value of 3.0, indicating spin-exchange interactions take place between copper(II) ions.

This is confirmed from the magnetic moment value (1.3 B.M). However, complex 11

shows a value of 4.66, indicating the presence of tetragonal axes in this complex [57, 58],

in agreement with the magnetic value (1.77 B.M). Also, the gk/Ak values are diagnostic of

ONO trifunctionalized hydrazone ligand 2395
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stereochemistry [59], with square planar complexes from 105 to 135 cm�1 and for
tetragonally distorted complexes 135 to 250 cm�1; the gk/Ak value for 10 (142.7 cm

�1) lies
within the range expected for tetragonally distorted complexes. The gk-values for 10 and
11 are 2.27 and 2.28 indicating considerable covalent bonding character [30, 54, 60]. The
�-bonding parameter (�2) for 10 is 0.8, also suggesting covalent bonding [22, 61–63].
K-values for 10 and 11 are 0.98 and 0.82, respectively, confirming their covalent nature
[64–66].

Complex 10 shows �21¼ 0.48, indicating a moderate degree of covalancy in the
in-plane �-bonding, while B2

¼ 1.38, indicating ionic character of the out-of-plane

Table 4. Thermal data for the metal complexes.

DAT (peak) TGA (Wt. loss%)

Comp. No. Temp. (�C) Endo Exo Calcd Found Assignment

(2) 65 Endo – 1.12 1.22 Loss of hydrated water (1/2H2O)
195 Endo – 7.42 7.38 Loss of coordinated water (4H2O)
365 Endo – 13.14 13.93 Loss of acetate group (2)
440 – Exo
490 – Exo 18.48 18.85 Decomposition of Ni2O3

(4) 80 Endo – 11.02 11.29 Loss of hydrated water
210 Endo – 9.2 8.9 Loss of coordinated water and chloride atom
310 Endo – 20.2 20.16 Loss of bridged chloride atom
360 Endo –
450 – Exo
540 – Exo 39.51 39.43 Decomposition with the formation of Ni2O3

(7) 230 Endo – 18.33 17.94 Loss of coordinated waterþ hydroxyl
group (7H2OþOH)

285 Endo – 25.13 25.64 Loss of coordinated bridged
chloride atom (4Cl)

340 – Exo
390 – Exo
415 – Exo
495 – Exo
530 – Exo 39.24 39.31 Decomposition with the formation of Co2O3

(10) 50 Endo – 1.18 1.13 Loss of hydrated water (1/2H2O)
230 Endo – 9.57 9.43 Loss of coordinated water (4H2O)
300 – Exo 9.1 8.96 Loss of bridged nitrate group
370 – Exo
470 – Exo
520 – Exo
545 – Exo 12.94 12.26 Decomposition with the formation of CuO

(13) 60 Endo – 2.36 2.27 Loss of hydrated water (H2O)
210 Endo – 9.66 10.0 Loss of coordinated water (4H2O)
310 Endo – 10.55 10.9 Loss of bridged chloride atom (2)
360 – Exo
465 – Exo
570 – Exo
660 – Exo 26.36 26.36 Decomposition with the formation

of Mn2O3

(15) 65 Endo – 6.84 6.50 Loss of hydrated water (2H2O)
140 Endo – 11.02 11.0 Loss of coordinated water (3H2O)
280 Endo – 8.14 8.50 Loss of chloride atom (1)
370 – Exo
455 – Exo
570 – Exo
610 – Exo 39.45 40.0 Decomposition with the formation of Fe2O3
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�-bonding [67, 68]. It is possible to calculate approximate d orbital populations using

the following equations [69],

A11 ¼ Aiso � 2B 1�
7

4

� �
�gk

� �
ð1Þ

a2d ¼
2B

2B0
ð2Þ

where 2B0 is the calculated dipolar coupling for unit occupancy of a d orbital. When the

data are analyzed using the Cu63 hyperfine coupling, and considering all the sign

combinations, the only physically meaningful results are found when Ak and A? are

negative. The resulting isotropic coupling constant (Aiso¼�70G) and the parallel

component of the dipolar coupling (2B¼�148G) are also negative. The orbital

population for 10 is 63%, indicating a dðx2�y2Þ ground state [56]. However, the ESR

spectrum of manganese(II) complex 13 is isotropic with giso¼ 2.004, typical for

manganese(II) octahedral structure.

3.7. Thermal analyses (DTA and TGA)

Since the IR spectra indicate the presence of water molecules, thermal analyses (DTA and

TGA) were carried out to ascertain their nature. The DTA and TGA curves show

endothermic peaks within the temperature range 50–140�C, except for 7 [51, 70].

The decomposition step of 2 occurred at 65�C with 1.22% weight loss (Calcd 1.1%) due

to elimination of hydrated water (4H2O); for 10, decomposition took place at 50�C with

1.13% weight loss (Calcd 1.18%), due to the loss of hydrated water (0.5H2O); 13

decomposed at 60�C with 2.27% weight loss (Calcd 2.36%), corresponding to the loss of

hydrated water (H2O); and 15 decomposed at 65�C with 6.50% weight loss (6.84%), due

Table 5. The percent effect of the ligand 1 and its metal complexes on microorganisms at different
concentrations.

At 250mgmL�1 At 200 mgmL�1 At 175mgmL�1 At 150mgmL�1 At 125 mgmL�1

No. of comp. Fungi Bacteria Fungi Bacteria Fungi Bacteria Fungi Bacteria Fungi Bacteria

(1) 0 12 0 0 0 0 0 0 0 0
(3) 0 33 0 28 0 13 0 0 0 0
(4) 0 37 0 25 0 12 0 0 0 0
(6) 40 48 30 34 26 26 15 17 12 13
(7) 39 46 29 32 15 25 0 16 0 11
(9) 35 37 24 27 12 20 0 12 0 0

(10) 35 39 25 32 13 20 0 13 0 0
(13) 32 26 17 22 0 13 0 0 0 0
(14) 37 45 29 31 17 24 0 15 0 0
(15) 38 42 24 35 15 22 0 13 0 0
(16) 35 36 23 27 12 13 0 0 0 0
(17) 35 36 23 27 12 13 0 0 0 0
(18) 35 36 23 26 12 12 0 0 0 0
(21) 35 40 28 32 15 18 0 11 0 0
(22) 15 18 12 14 0 0 0 0 0 0

The percent effect¼ (diameter of zone/diameter of Petri dish)� 100.
Fungi¼Aspergillus Niger; Bacteria¼E. coli.
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Figure 2. The percent of effect of ligand and metal complexes on microorganisms at different concentration.

2398 A. S. El-Tabl et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
8
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



to the loss of hydrated water (5H2O). Another endothermic peak was observed in the

140–230�C range for 2, 10 and 13. For 2, the decomposition occurred at 195�C with

7.38% weight loss (Calcd 7.42%) due to loss of four coordination water molecules; 10 at

230�C with 9.43% weight loss (Calcd 9.57%), corresponding to loss of four coordinated

water molecules; 13 at 210�C with 10.0% weight loss (Calcd 9.66%), due to loss of four

coordinated water molecules; 4 at 210�Cwith 8.9% weight loss (Calcd 9.2%), due to loss

of one coordinated water and one coordinated chlorine atom; 7 showed an endothermic

peak at 230�C with 17.94% weight loss (Calcd 18.33%), corresponding to the loss of

seven coordinated water molecules and one hydroxyl group. The remaining thermal data

are summarized in table 4. The thermal decomposition of 4 can be represented as follows:

½ðLÞðNiÞ3ðH2OÞðClÞ4� � 4H2O �!
80�C
½ðLÞðNiÞ3ðH2OÞðClÞ4� þ 4H2O

½ðLÞðNiÞ3ðH2OÞðClÞ4� �!
210�C
½ðLÞðNiÞ3ðClÞ3� þH2Oþ Cl

½ðLÞðNiÞ3ðClÞ3� �!
310, 360�C

½ðLÞðNiÞ3� þ 3Cl

½ðLÞðNiÞ3� �!
450,540�C

Ni2O3 þ volatile organic residue

The thermal stability sequence is 13415410444742.

3.8. Antibacterial and antifungal screening

The ligand and its metal complexes have been screened for their antibacterial and

antifungal activities, and the results obtained are presented in table 5. Activity of the

metal complexes increases with increase in the concentration of the solutions, as shown in

figure 2. All the metal complexes are more potent bactericides and fungicides than the

ligand [71, 72], explained on the basis of chelation theory [73, 74]. Other factors such as

the nature of the metal ion, nature of the ligand, coordinating sites, and geometry of the

complex, concentration, hydrophilicity, lipophilicity and presence of co-ligands have

considerable influence on antibacterial activity. The mode of action of these compounds

may involve hydrogen bonding through the 4C¼N–N¼CH– group with the active

centers and thus interfere with normal cell process. The presence of lipophilic and polar

substituents is expected to enhance antibacterial activity. The antibacterial and

antifungal activities of the hydrazone ligands and metal complexes were screened using

disk diffusion [75]. The results (table 5) showed that cobalt(II) complex 6 shows higher

antibacterial and antifungal activity than the other complexes. The order of activity of all

the complexes is 64741442141049417¼ 184441342242. The variation in the

activity of different complexes against different microorganisms depends either on the

impermeability of the cells of the microbes or differences in ribosomes in microbial cells

[76, 77].
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