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Abstract

A new series of mono and binuclear Mn(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), La(III), Ru(III), Hf(IV), ZrO(II) and UO2(II) complexes
of phenylaminodibenzoylhydrazone have been synthesized and characterized by elementals analyses, IR UV–vis spectra, magnetic moments,
conductances, thermal analyses (DTA and TGA) and electron spin resonance (ESR) measurements. The IR spectral data show that, the ligand
behaves as a neutral bidentate type (15 and 16), monobasic bidentate type (6), or monobasic tridentate type (5, 7, 8, 10, 11, 13, 14, 17–21) or dibasic
tridentate type 2–4, 9 and 12 towards the metal ion. Molar conductances in DMF solution indicate that, the complexes are non-electrolytes. The
ESR spectra of solid complexes (9 and 10) show axial and non-axial types indicating a d(x2−y2) ground state with significant covalent bond character.
However, complexes (11 and 12), show isotropic type, indicating manganese(II) octahedral geometry. Antibacterial and antifungal tests of the ligand

and its metal complexes are also carried out and it has been observed that the complexes are more potent bactericides and fungicides than the ligand.
© 2007 Elsevier B.V. All rights reserved.
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. Introduction

Hydrazones and their coordination compounds are well
nown to be biologically important and interest for their antibac-
erial, antitumour and antitubercular activities [1]. Also, it has
een used as analytical reagent [2], polymer-coating, ink, pig-
ent [3] and fluorescent materials [4]. Metal complexes of
bishydrazone derived from isatin monohydrazone and 2-

ydroxy-1-naphthaldhyde have been reported and they possess
nteresting biological properties [5,6]. Transition metal com-
lexes of salicyladehyde thiazolyl hydrazone were prepared and
haracterized [7]. Number of copper(II) complexes of acylhy-
razones had been extensively studied [8–10]. Copper(II) and

ron(III) complexes of phenylhydrazoacetylacetone isonicoti-
oyl hydrazone were synthesized and spectrally characterized
2]. They were able to mimic bimetallic sites in various enzymes
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11,12]. These compounds showed antifungal and antibacterial
ctivities [11–13]. Metal(II) complexes of 2-acetypyridine ben-
oylhydrazone ligand were synthesized and crystallographically
haracterized [14]. Extensive investigations of this kind of com-
lexes have been undertaken recently, however, we have reported
he synthesis and characterterization of metal complexes of
henylaminodibenzoylhydrazone tridentate ligand.

. Experimental

Reagent grade chemicals were used. Phenylaminoacetohy-
razide was prepared by a published method [15]. Elemental
nalyses were determined by the Analytical Unit of Cairo,
niversity of Egypt. Standard methods were used to deter-
ine the metal ion content. All metal complexes were dried

n vacuo over anhydrous CaCl2. The IR (as KBr pellets) spec-

ra were measured using a PerkinElmer 683 spectrophotometer
4000–200 cm−1). Electronic spectra in DMF solutions were
ecorded on a PerkinElmer 550 spectrophotometer. The con-
uctances of 10−3 M solution of the complexes in DMF were

mailto:asaeltabl@yahoo.com
dx.doi.org/10.1016/j.saa.2007.11.011
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easured at 25 ◦C with a Bibby conductometer type MCl. The
H NMR spectrum of the ligand in DMSO-d6 was recorded
sing a 300 MHZ Varian NMR spectrometer. The thermal anal-
ses (DTA and TGA) were carried out in the air on a Shimadzu
T-30 thermal analyzer from 27 to 800 ◦C at a heating rate of
0 ◦C/min. Magnetic moments were measured by Gouy method
sing μeff = 2.84(XMT)1/2. All electron spin resonance (ESR)
easurements of solid complexes at room temperature were
ade using a Varian E-109 spectrophotometer. DPPH was used

s a standard material.

.1. Preparation of the ligand (1) [H2L]

Phenylaminoacetohydrazide (1.7 g, 0.01 mol) was dissolved
n 25 mL of EtOH and dibenzoylmethane (2.3 g, 0.01 mol) in
5 mL EtOH was added dropwise. The reaction mixture was
efluxed with stirring for 3 h and, then cooled to room temper-
ture. The product was filtered off, washed several times with
tOH and dried over anhydrous CaCl2.

.2. Preparation of metal complexes

a) 2, 5, 8, 11, 17 and 21
These complexes were prepared by mixing stiochio-

metric ratios (1L:1M) of the ligand (30 mL EtOH)
and metal acetate (50 mL) EtOH. Ni(OAc)2·4H2O (2),
Co(OAc)2·4H2O (5), Cu(OAc)2·H2O (8), Mn(OAc)2·4H2O
(11), Zn(OAc)2·4H2O (17) and UO2(OAc)2 (21). The mix-
ture was refluxed on a hot plate with stirring for 1–2 h, and
then left it to cool to room temperature. Fine crystals which
separated were filtered off, washed several times with EtOH
and dried over anhydrous CaCl2.

b) 3, 6, 9 and 18
These complexes were prepared by using the above

procedure, using Ni(NO3)2·6H2O (3), Co(NO3)2·6H2O
(6), Cu(NO3)2·3H2O (9) [few drops of TEA] and
Zn(NO3)2·XH2O (18). The mixture was refluxed on a hot
plate with stirring for 1–2 h. The precipitate which formed
was filtered off, washed several times with EtOH and dried
over anhydrous CaCl2.

c) 4, 7, 10, 12–16, 19 and 20
These complexes were prepared by using the above

procedure, using NiCl2·6H2O (4), CoCl2·6H2O (7),
CuCl2.·XH2O (10), MnCl2·4H2O (12) [few drops of
TEA], FeCl3·6H2O (13), RuCl3 (14), ZrOCl2·8H2O (15),
HfCl4·8H2O (16), ZnCl2·4H2O (19) and LaCl3·7H2O (20).
The mixture was refluxed on a hot plate with stirring for
1–2 h and then left it to cool to room temperature. Fine crys-
tals which separated were filtered off, washed several times
with EtOH and dried over anhydrous CaCl2.

. Microbiology
.1. Fungus media

Czapek Dox agar medium was prepared by standard method
16]. Aspergillus niger was spread over each dish by using sterile

(
w
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ent loop rod. Disks were cut by sterilized cork borer and then
aken by sterilized needle. The resulted pits are sites for the tested
ompounds. The plates are incubated at 30 ◦C for 24–48 h and
hen any clear zones present were detected.

.2. Bacteria media

Nutrient agar medium was prepared by standard method [16].
. coli was spread over each dish by using sterile bent loop rod.
isks were cut by sterilized cork borer and then taken by steril-

zed needle. The resulted pits are sites for the tested compounds.
he plates are incubated at 37 ◦C for 24–48 h and then any clear
ones present were detected.

. Results and discussion

The reaction of phenylaminoacetohydrazide with dibenzoyl-
ethane in EtOH 1:1, molar ratio, led to the formation of H2L,

s shown in Scheme 1.
The IR spectra of the H2L and its metal complexes show

hat, the H2L has tautomeric forms (I–III) as shown below:
The reaction of the H2L with metal salts using (1:1) or
2:1) molar ratios, led to the formation of metal complexes
ith different geometries. All the compounds are intensely
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Table 1
Elemental analyses and physical properties of the H2L and its metal complexes

Comp no. Molecular formula Colour Yield (%) m.p. (◦C) �−1 mol−1 cm2 μeff (μB) Found (Calc.) (%)

C H N Cl M

1 [(H2L)][C23H21N3O2] Pink 85 70 – – 74.1(74.4) 5.7(5.7) 11.0(11.3) – –
2 [(HL)Ni(OAc)]·3H2O Yellow 79 170 2.3 Dia. 55.7(55.4) 5.5(5.4) 7.8(7.8) – 10.2(10.8)
3 [(L)Ni(H2O)] Pale green 80 118 2 Dia. 61.8(61.9) 5.3(4.7) 9.0(9.4) – 13.0(13.2)
4 [(HL)NiCl(H2O)2]·(3/2)H2O Yellow 76 280 1.3 2.85 53.4(53.2) 5.2(5.2) 7.9(8.1) 6.3(6.8) 10.9(11.3)
5 [(HL)Co(OAc)(H2O)2]H2O Black 78 105 2 4.8 55.4(55.4) 5.6(5.4) 7.9(7.8) – 11.0(10.9)
6 [(HL)2Co(H2O)2]·(1/2)H2O Pale brown 77 110 3.2 4.9 65.9(66.0) 5.3(5.4) 9.6(10.0) – 7.0(7.0)
7 [(HL)CoCl(H2O)2]·2H2O Brown 80 300 1.2 3.9 51.7(51.5) 4.9(5.2) 7.6(7.8) 6.8(6.6) 10.8(11.0)
8 [(HL)Cu(OAc)]·H2O Brown 81 245 1.2 1.73 58.9(58.8) 4.7(4.9) 8.3(8.2) – 12.3(12.4)
9 [(L)Cu2(NO3)2(H2O)] Green 77 190 1.2 1.2 43.3(43.3) 3.8(3.3) 11.0(11.0) – 19.7(19.9)

10 [(HL)Cu(Cl)(H2O)2] Dark green 82 160 1.8 1.74 54.5(54.7) 4.5(4.8) 8.5(8.3) 7.0(7.0) 12.6(12.6)
11 [(HL)Mn(OAc)(H2O)2]·(3/2)H2O Brown 75 115 1.2 5.96 55.9(55.7) 5.7(5.6) 7.4(7.8) – 12.6(10.2)
12 [(L)2Mn2(H2O)4] Pale brown 79 110 1.4 3.7 60.5(60.0) 5.6(5.0) 9.0(9.13) – 12.2(11.9)
13 [(HL)FeCl2(H2O)] Brown 76 225 5.4 5.72 53.1(53.6) 4.5(4.3) 8.2(8.2) 13.5(13.8) 10.9(10.8)
14 [(HL)Ru(OH)Cl(H2O)]·3H2O Black 77 >300 2.1 1.73 46.1(46.3) 5.1(4.9) 7.0(7.0) 5.9(6.0) 17.0(17.0)
15 [(H2L)ZrOCl2]·7H2O Yellow 82 220 4 Dia. 40.7(40.9) 5.3(5.2) 6.8(6.22) 10.9(10.5) 13.5(13.5)
16 [(H2L)HfCl4]6H2O Green 80 240 3.8 Dia. 34.6(34.5) 4.1(4.1) 5.3(5.3) 17.5(17.8) 22.3(22.3)
17 [(HL)Zn(OAc)(H2O)2]·3H2O Pink 79 220 1.82 Dia. 51.3(51.3) 5.5(5.6) 7.2(7.2) – 11.2(11.2)
18 [(HL)2Zn(H2O)] Pink 81 138 2.3 Dia. 67.1(67.0) 5.1(5.1) 10.2(10.2) – 8.0(7.9)
19 [(HL)ZnCl(H2O)2] Pink 84 145 1.9 Dia. 54.5(54.5) 4.7(4.7) 8.3(8.3) 7.0 (7.0) 12.9(12.9)
20 [(L)(HL)La2Cl3(H2O)]·4H2O Pale green 75 250 2.8 Dia. 44.9(45.5) 3.8(4.0) 7.0 (6.9) 8.7(8.8) 22.8(22.9)
21 [(HL)UO2(OAc)]·2H2O Orange 80 165 3.2 Dia. 40.5(40.9) 3.8(3.5) 5.6 (5.7) – 32.9(32.4)
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Table 2
IR spectra (assignments) of the H2L and its metal complexes
Comp. no. OH/H2Ohydr./H2Ocoord. ν(H-bonding) ν(NH)

1 – 3450–3200(br), 3100–2600(br) 3300, 3250
2 –/3570–3300(br) 3280–2850(br), 2800–2460(br) 3300, 3240
3 –/–/3250–3050(br) 3000–2830(br), 2820–2400(br) 3352, 3270
4 3375(s)/3450–3200(br)/3180–2950(br) 3150–2950(br), 2900–2500(br) 3275, 3215
5 –/3560–3250(br)/3200–3030(br) 3000–2820(br), 2800–2380(br) 3334, 2250
6 –/3560–3300(br)/3250–3070(br) 3050–2820(br), 2800–2370(br) 3372, 3275
7 3550(s)/3560–3320(br)/3280–3100(br) 3080–2780(br), 2760–2425(br) 3400, 3263
8 –/3530–3280(br) 3100–2800(br), 2780–2380(br) 3389, 3175
9 –/–/3350–3120(br) 3100–2820(br), 2800–2450(br) 3325, 3250

10 –/–/3380–3190(br) 3150–2960(br), 2950–2520(br) 3265, 3234
11 –/3520–3260(br)/3230–3030(br) 3000–2800(br), 2780–2450(br) 3325, 3245
12 –/–/3350–3100(br) 3080–2820(br), 2800–2450(br) 3300, 3185
13 3380–3190(br) 3150–2850(br), 2825–2450(br) 3325, 3261
14 –/3580–3280(br)/3250–3125(br) 3100–2780(br), 2770–2380(br) 3391, 3260
15 3363(s)/3600–3200(br) 3180–2720(br), 2700–2380(br) 3330, 3250
16 3390/3580–3225(br) 3170–2720(br), 2700–2380(br) 3296, 3235
17 –/3580–3250(br)/3180–3080(br) 3070–2850(br), 2830–2480(br) 3396,
18 –/–/3350–3190(br) 3180–2860(br), 2850–2450(br) 3406, 3289
19 –/–/3325–3200(br) 3190–2870(br), 2850–2460(br) 3437, 3289
20 –/3500–3320(br)/3300–3180(br) 3170–2930(br), 2900–2450(br) 3406, 3280
21 –/3570–3320(br) 3200–2800(br), 2780–2400(br) 3466, 3190

Strong = (s), medium = (m), broad = (br) and weak = (w).
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Table 3
UV–vis spectra of the H2L and its metal complexes

Comp no. Molecular formula λmax (nm)

1 [(H2L)] 370 (ε = 8.9 × 10−3 mol−1 cm−1)
[C23H21N3O2] 320 (ε = 7.7 × 10−3 mol−1 cm−1)

2 [(HL)Ni(OAc)]·3H2O 550 (ε = 5 × 10−3 mol−1 cm−1), 420 (ε = 2.6 × 10−4 mol−1 cm−1), 350, 315
3 [(L)Ni(H2O)] 565 (ε = 1 × 10−2 mol−1 cm−1), 420 (ε = 2.8 × 10−4 mol−1 cm−1), 360, 315
4 [(HL)NiCl(H2O)2]·(3/2)H2O 725, ( = 6.2 × 10−4 mol−1 cm−1), 525 (ε = 3.3 × 10−4 mol−1 cm−1), 450, 360, 315
5 [(HL)Co(OAc)(H2O)2]H2O 715 (ε = 5 × 10−3 mol−1 cm−1), 560 (ε = 5 × 10−4 mol−1 cm−1), 460, 365, 315
6 [(HL)2Co(H2O)2]·(1/2)H2O 690 (ε = 6.6 × 10−4 mol−1 cm−1), 505 (ε = 3.3 × 10−4 mol−1 cm−1), 410 (ε = 2.3 × 10−5 mol−1 cm−1), 355, 295
7 [(HL)CoCl (H2O)2]·2H2O 695, 500, 420 (ε = 2.5 × 10−4 mol−1 cm−1), 350, 300
8 [(HL)Cu(OAc)]·H2O 580 (ε = 1 × 10−2 mol−1 cm−1), 430 (ε = 1.7 × 10−4 mol−1 cm−1), 390, 345, 300
9 [(L)Cu2(NO3)2(H2O)] 570 (ε = 6.2 × 10−4 mol−1 cm−1), 480 (ε = 2.5 × 10−4 mol−1 cm−1), 395 (ε = 2.8 × 10−5 mol−1 cm−1), 345, 315

10 [(HL)Cu(Cl)(H2O)2] 660, 545 (ε = 3.3 × 10−4 mol−1 cm−1), 450 (ε = 4.0 × 10−5 mol−1 cm−1), 340, 315
11 [(HL)Mn(OAc)(H2O)2]·(3/2)H2O 625, 520 (ε = 3.3 × 10−4 mol−1 cm−1), 470 (ε = 2.3 × 10−5 mol−1 cm−1), 330, 310
12 [(L)2Mn2(H2O)4] 660, 490 (ε = 6.6 × 10−4 mol−1 cm−1), 415 (ε = 3.7 × 10−5 mol−1 cm−1), 340, 305
13 [(HL)FeCl2(H2O)] 680, 520 (ε = 2 × 10−3 mol−1 cm−1), 420 (ε = 5.5 × 10−5 mol−1 cm−1), 345, 315
14 [(HL)Ru(OH)Cl(H2O)]·3H2O 620 (ε = 6.6 × 10−5 mol−1 cm−1), 560 (ε = 4.7 × 10−5 mol−1 cm−1), 470 (ε = 2.2 × 10−5 mol−1 cm−1), 360, 305
15 [(H2L)ZrOCl2]·7H2O 390, 345, 300
16 [(H2L)HfCl4]·6H2O 390,350, 300
17 [(HL)Zn(OAc)(H2O)2]·3H2O 355, 315
18 [(HL)2Zn(H2O)] 350, 320
19 [(HL)ZnCl(H2O)2] 350, 315
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0 [(L)(HL)La2Cl3(H2O)]·4H2O 320, 315
1 [(HL)UO2(OAc)]·2H2O 460 (ε = 2.3 × 10−3 mol−1 cm

oordination between the ligand and the metal ion, the IR
pectrum of the H2L is compared with that of the metal com-
lexes. The ν(OH) of complexes (4), (7), (15 and 16) observed
s strong band at 3375, 3550, 3363 and 3390 cm−1, respec-
ively. The complexes show broad bands in the 3250–2720
nd 2950–2370 cm−1, ranges are due to intermolecular and
ntramolecular hydrogen bondings. Also, the complexes show
broad band in the 3600–3200 cm−1 range, which is assigned

o hydrated water molecules except complexes (3), (9, 10), (12,
3), (18 and 19). However, the broad band due to the coordi-
ated water molecules appears in the 3380–2950 cm−1 range
xcept complexes (2), (8), (15, 16) and (21) [27,28]. The ν(NH)
ppears medium bands at 3466–3296 and 3289–3175 cm−1

anges [27,28]. The complexes show a strong band in the
726–1633 cm−1 range (Table 2), which is assigned to ν(C O)
roup except complexes (2–4), (7), (9), (12), (15 and 16) [29,30],
owever, the medium and strong bands appear in the 1632–1593,
575–1545 and 1533–1508 cm−1 ranges is due to ν(C N),
(C C)Ar and ν(CH C) vibrations, respectively [25,31]. Com-
lexes (2), (5), (8), (11), (17) and (21) show νa(CO2) = 1600,
605, 1600, 1625, 1603 and 1602 cm−1 and νs(CO2) = 1370,
388, 1399, 1393, 1395 and 1365 cm−1, respectively suggesting
onodentate acetate group [32–34]. Complex (9) shows strong

nd medium bands at 1410, 1360, 1208, 823 and 763 cm−1

Table 2), which is assigned to a bridging and terminal nitrate
roup [33,35,36]. The medium band appears at 1345–1208 cm−1

ange corresponds to ν(CO) group [25,27]. The complexes
4), (7), (10), (13–16), (19 and 20) show a medium band at
21–405 and 390–375 cm−1 ranges, corresponding to termi-

al and bridging chloride atoms, however, complex (15) shows
medium band at 760 cm−1 is assigned to ν(ZrO) vibration

37]. Complex (21) shows a medium band at 940 cm−1 is due to
U O group [37]. The bonding of the metal ions to the H2L

μ

R
i
(

330, 310

hrough the oxygen and nitrogen atoms is further supported by
he presence of new medium and weak bands at 694–608 and
66–514 cm−1ranges, are due to ν(M O) and ν(M N), respec-
ively [33,38]. The above results together with the elemental
nalyses indicated that, the hydrazone coordinated to the metal
on, via the carbonyl oxygen of the hydrazide moiety, carbonyl
xygen of the dibenzoylmethane moiety in enolic or ketonic
orm and azomethine nitrogen atom.

.4. Magnetic moments

The room temperature magnetic moments of the complexes
2–21) are shown in Table 1. Nickel(II) complexes (2 and 3)
how diamagnetic values confirming square planar geometry
round the nickel(II) ion However, complex (4) shows value
.85 μB., indicating octahedral geometry [33,37–41]. Cobalt(II)
omplexes (5–7) show values in the 4.8–3.9 μB range (Table 1),
ndicating high-spin octahedral cobalt(II) complexes [16]. The

agnetic moments for the copper(II) complexes (8, 9 and 10)
re 1.73, 1.2 and 1.74 μB, respectively. The value of complex
9) is well below the spin-only value (1.73μB), indicating spin-
xchange interactions take place between the copper(II) ions
38]. However, the values of the other complexes correspond to
ne unpaired electron in a square planar or octahedral structure
16]. The magnetic moment values for manganese(II) complexes
11 and 12) are 5.69 and 3.7 μB, suggest octahedral geom-
try around the manganese(II) ion [16]. The low moment of
12) may be ascribed to superexchange takes place between
anganese(II) ions. Iron(III) complex (13) shows value 5.4

B, indicating a high-spin iron(III) octahedral geometry [5].
uthenium(III) complex (14) shows a magnetic value 2.1 μB.,

ndicating an octahedral structure [42]. Zirconium(IV) complex
15), hafnium(IV) complex (16), zinc(II) complexes (17–19),
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anthanum(III) complex (20) and uranyl complex (21) show
iamagnetic values.

.5. Electronic spectra

The electronic spectral data of the H2L and its metal

omplexes are summarized in Table 3. The H2L shows
wo bands at 370 nm (ε = 8.9 × 103 mol−1 cm−1) and 320 nm
ε = 7.7 × 103 mol−1 cm−1), which may be assigned to the
→ �* and � → �* transitions, respectively, the complexes

a
3

t
[

Fig. 1. Structural representa
Acta Part A 71 (2008) 90–99 95

how two bands in the 295–315 and 330–365 nm ranges which
re assigned to intraligand transition [16,43]. The nickel(II)
omplexes (2) and (3) show two bands at 420 and 550 nm and 420
nd 565 nm are due to 3T1 → 3T2 and 3T1(F) → 3T2(P) transi-
ions, indicating square planar environment around the nickel(II)
on [44,45]. However, complex (4), shows bands at 450, 525

nd 725 nm, which are attributable to 3A2g(F) → 3T1g(P) (υ3),
A2g(F) → 3T1g(F) (υ2) and 3A2g(F) → 3T2g(F) (υ1) transi-
ions, respectively indicating an octahedral nickel(II) complex
16,46,47]. The υ2/υ1 ratio for the complex is 1.38 which is less

tion of the complexes.



96 A.S. El-Tabl et al. / Spectrochimica Acta Part A 71 (2008) 90–99

(Cont

t
n
(
r
a
t
p
3
2

g
c
t
t
t
b
r
6

g
(

t
t
h
c
t
t
t
[
(
a
i

4

Fig. 1.

han the usual range of 1.5–1.75, indicating distorted octahedral
ickel(II) complexes [33,37,40,48,7]. The cobalt(II) complexes
5–7) show bands in the 410–460, 500–550 and 690–715 nm
anges, are assigned to 4T1g (F) → 4T1g (P), 4T1g (F) → 4A2g
nd 4T1g(F) → 4T2g(F), transitions, respectively, corresponding
o high-spin cobalt(II) octahedral complexes [40,49]. The cop-
er(II) complexes (8) and (9) show different bands (Table 3) at
90, 430 and 580 nm and 395, 480 and 570 nm, corresponding to
B1g → 2B2g, 2B1g → 2Eg and 2B1g → 2A1g, respectively, sug-
esting square planar geometry [50,51]. However, copper(II)
omplex (10) shows bands at 450, 545 and 660 nm, are assigned
o ligand → metal charge transfer, 2B1 → 2E and 2B1 → 2B2
ransitions respectively, indicating a distorted octahedral struc-
ure [10,44,52]. Manganese(II) complexes (11) and (12) show
ands at 470, 520 and 625 nm and 415, 490 and 660 nm,

espectively are corresponding to 6A1g → 4Eg, 6A1g → 4T2g and
A1g → 4T1g transitions which are compatible to an octahedral
eometry around the manganese(II) ion [53]. Iron(III) complex
13) shows bands at 420, 520 and 680 nm, are due to charge

(
a
s
g

inued ).

ransfer transition while the last band is considered to arise from
he 6A1 → 4T1 transition, these bands suggest, distorted octa-
edral geometry around the iron(III) [52,54]. Ruthenium(III)
omplex (14), shows bands at 470, 560 and 620 nm, respec-
ively, are due to LMCT transition and the last band is assigned
o 2T2g → 2A2g transition. The band position are similar to
hose observed for other octahedral ruthenium(III) complexes
55–58]. Zirconium(IV) complex (15), hafnium(IV) complex
16), zinc(II) complexes (17–19), lanthanum(III) complex (20)
nd uranyl(VI) complex (21) show bands (Table 3) correspond-
ng to intraligand transitions [59,60].

.6. Electron spin resonance

The ESR spectra of solid copper(II) complexes (9) and

10) at room temperature are characteristic of d9, configuration
nd having an axial and non-axial types of a d(x2−y2) ground
tate [61,62]. The g-values suggest square planar or octahedral
eometries [30] and the complex (9) shows g‖ > g⊥ > 2.0023,
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Table 4
Thermal data for the metal complexes

Comp. no. Temperature (◦C) DTA (peak) TGA (Wt. loss %) Assignment

Endo Exo Calc. Found

4 70 endo – 5.2 5.0 Loss of hydrated water (1.5·H2O)
210 endo – 14.5 15.1 Loss of coordinated water (2H2O) + one chlorine atom
370 – exo
450 – exo
490 – exo 17.78 18.1 Decomposition with the formation of NiO

14 65 endo – 9.0 8.65 Loss of hydrated water (3H2O)
215 endo – 13.43 13.8 Loss of coordinated water, chloride atom and hydroxyl group
300 – exo
350 – exo
420 – exo
600 – exo 39.51 39.43 Decomposition with the formation of Ru2O3

15 90 endo – 18.66 19.2 Loss of hydrated water (7H2O)
200 endo – 12.92 13.2 Loss of chloride atom (2Cl)
350 – exo
450 – exo
550 – exo 25.76 25.5 Decomposition with the formation of ZrO2

16 85 endo – 13.5 14.0 Loss of hydrated water (6H2O)
220 endo – 20.53 21.0 Loss of, chloride atom (4Cl)
450 – exo
600 – exo 38.3 38.1 Decomposition with the formation of HfO2

17 75 endo – 9.24 9.63 Loss of hydrated water (3H2O)
140 endo – 6.78 6.9 Loss of coordinated water (2H2O)
320 endo – 11.93 12.0 Loss of acetate group
380 – exo
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450 – exo
550 – exo 18.69

ndicating square planar geometry around the copper(II) ion
21,63,64], however, complex (10) shows non-axial type
x > gy > gz > 2.0023 with (gy − gz)/(gx − gy) < 1 = 0.23, indi-
ating a d(x2−y2) ground state [21]. The ESR parameters
or complex (9) are g‖ = 2.22, g⊥ = 2.09 and giso = 2.13,
‖ = 160 G, A⊥ = 15 G and Aiso = 63.3 G, G = 2.44, α2 = 0.71,
‖/A‖ = 134.5 cm−1, K‖ = 0.76, K⊥ = 1.05 and K = 0.96, β2

1 =
.80 and β2 = 1.5, 2B = −156 and a2

d = 66% and for complex
10), are gx = 2.21, gy = 2.08 and gz = 2.05 [65]. Complex (9)
hows G is 2.44, indicating spin-exchange interactions take
lace between the copper(II) ions [65]. This is confirmed from
he magnetic moment. The g‖/A‖ value for complex (9) is
134.5 cm−1) lies just within the range expected for square
lanar complexes [66]. The g‖-value reported here is 2.22 in
omplex (9) indicating considerable covalent bonding charac-
er [30,63,67]. The calculated value of α2 of complex (9) is
.71, suggesting considerable covalent bonding [21,68,69]. K-
alue for the complex (9) is 0.96, which confirmed covalent
ature [69,70]. Also, the complex (9) shows β2

1 = 0.8, indicat-
ng a moderate degree of covalancy in the in-plane �-bonding,
hile B2 = 1.5, indicates the ionic character of the out-of plane
-bonding [71,72]. In complex (9) the isotropic coupling con-

tant is Aiso = −63.3 G, and the parallel component of the dipolar
oupling is 2B = −156G, giving orbital population 66%, indicat-

ng a d(x2−y2) ground state [66]. However, the ESR spectrum of
anganese(II) complexes (11 and 12) show isotropic type with

iso = 2.022 and 2.033, respectively typical to manganese(II)
ctahedral structure.

4

t

5 Decomposition with the formation of ZnO

.7. Thermal analyses (DTA and TGA)

The DTA and TGA dehydrating curves for complexes (4,
nd 14–17) show that, the complexes are thermally stable
p to 50 ◦C. Dehydration is characterized by endothermic
eaks within the temperature 65–90 ◦C range [58,73,74]. Com-
lexes (4, 14 and 17) show endothermic peak at 210, 215 and
40 ◦C, respectively is due to the loss of coordinated water
olecules. Another endothermic peak was observed around

00 ◦C (Table 4), corresponds to the loss of chlorine atoms,
owever complex (17) shows endothermic peak at 320 ◦C, is
ue to the loss of acetate group. The results were confirmed by
GA data (Table 4). The product is stable up to 300 ◦C when

he organic constituents, of the complexes start decomposing,
nally leaving the metal oxides (490–600 ◦C) [75]. The thermal
ecomposition of complex (4) can be represented as follows:

(HL)NiCl(H2O)2] 3
2 H2O

70 ◦C−→[(HL)NiCl(H2O)2] + 3
2 H2O,

[(HL)NiCl(H2O)2]
210 ◦C−→ [(HL)Ni] + 2H2O + Cl,

[(HL)Ni]
490 ◦C−→ NiO + volatile organic residue

he thermal data of the complexes are shown in Table 4.
.8. Antibacterial and antifungal screening

The results obtained are presented in Table 5. It is observed
hat, the activity of the metal complexes increases with increase
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Table 5
The percent effect of the H2L and its metal complexes on microorganisms at different concentrations

No. of comp At 250 �g/mL At 200 �g/mL At 175 �g/mL At 150 �g/mL At 125 �g/mL

Fungi Bacteria Fungi Bacteria Fungi Bacteria Fungi Bacteria Fungi Bacteria

1 25 50 19 41 12 30 0 24 0 17
3 32 43 25 35 18 28 12 20 0 15
5 31 54 26 45 20 39 14 27 0 20
6 32 48 26 39 19 28 13 17 0 13
8 52 35 45 28 37 20 30 15 20 11
9 35 38 28 30 19 24 13 18 11 13

11 29 43 23 35 18 28 13 23 0 15
1 25
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he percent effect = (diameter of zone/diameter of Petri dish) × 100; Fungi, Asp

n the concentration of the solutions. All the metal complexes
re more potent bactericides and fungicides than the H2L. This
nhancement in the activity can be explained on the basis of
helation theory [76,77]. The results showed that, copper(II)
omplex (8) shows higher antifungal activity than the other
omplexes in all concentrations, however, cobalt(II) complexes
5) shows higher antibacterial activity than the other complexes
n all concentrations except at low concentration (125 �g/mL).
n(II) complex (18) shows higher antibacterial at 200 �g/mL
nd 125 �g/mL concentrations. The order of activity of the all
omplexes is 18 > 5 > 6 > 8 > 9 > 11 > 3 > 1. The variation in the
ctivity of different complexes against different microorganisms
epends either on the impermeability of the cells of the microbes
r differences in ribosome’s in microbial cells [78]. The antibac-
erial and antifungal activities of the hydrazone ligands and their

etal complexes are screened using the disk diffusion [79].

. Short conclusion

Metal complexes of new hydrazone derived from diketone
ave been prepared and characterized by elemental, spectral,
hermal and magnetic measurements. Modes of coordination
epend into the nature of metal ion and the medium of the reac-
ion. The complexes are non-electrolytes and have covalent bond
haracter. Antibacterial and antifungal tests have been carried
ut.
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