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bstract

Two Schiff base ligands bearing organic acid moiety, vis., N-(2-thienylmethylidene)-2-amino-4-chlorobenzoic acid (HL1) and N-(2-
ydroxybenzylidene)-2-amino-4-chlorobenzoic acid (H2L2) have been synthesized by the interaction of 2-thiophenecarboxaldehyde and 2-
ydroxybenzaldehyde with 2-amino-4-chlorobenzoic acid. Co(II), Ni(II), Cu(II) and Zn(II) complexes of these ligands have been prepared.
hey are characterized on the basis of analytical data, molar conductance, IR, 1H NMR, UV–vis, mass spectra, magnetic measurements, thermal
nalysis and X-ray powder diffraction technique. The molar conductance data reveal that these complexes are non-electrolytes. The ligands are

oordinated to the metal ions in a terdentate manner with ONO/ONS donor sites of the carbonyl oxygen, azomethine nitrogen and phenolic oxygen
r thiophenic sulphur. An octahedral structure is proposed for the prepared metal complexes and some ligand field parameters (Dq, B and β) in
ddition to CFSE were calculated. The thermal stability of the metal complexes is evaluated. The Schiff base ligands and their metal complexes
ave been tested against four species of bacteria as well as four species of fungi and the results have been compared with some known antibiotics.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Schiff bases are compounds containing the azomethine group
RC N–) and are usually formed by the condensation of a pri-
ary amine with an active carbonyl compound [1,2]. Schiff

ases have been used extensively as ligands in the field of coordi-
ation chemistry, some of the reasons are that the intramolecular
ydrogen bonds between the (O) and the (N) atoms which play
n important role in the formation of metal complexes and
hat Schiff base compounds show photochromism and ther-

ochromism in the solid state by proton transfer from the
ydroxyl (O) to the imine (N) atoms [3]. A large number of
chiff bases and their complexes have been investigated for

heir interesting and important properties, such as their ability
o reversibly bind oxygen, catalytic activity in the hydrogena-
ion of olefins, photochromic properties and complexing ability

owards some toxic metals, furthermore complexes of Schiff
ases showed promising applications in biological activity and
iological modeling applications [4–8].
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alysis; XRD and antimicrobial activity

As an extension of our work on the structural characteriza-
ion of Schiff base ligands and their metal complexes [9–15],
he main target of the present article is to study the coordination
ehavior of the two ligands, HL1 and H2L2 that incorporate sev-
ral binding sites towards Co(II), Ni(II), Cu(II) and Zn(II) ions,
lso to evaluate the relative thermal stability of the synthesized
omplexes and to examine their antimicrobial activity against
ifferent species of bacteria and fungi.

. Experimental

.1. Reagents and instruments

All chemicals used were of highest available purity. They
nclude 2-thiophenecarboxaldehyde, 2-hydroxybenzaldehyde
nd 2-amino-4-chlorobenzoic acid (BDH). The metal chloride
alts, namely, cobalt and nickel chloride hexahydrates (Sigma),

upric chloride dihydrate (Merck) and zinc chloride (Adwic)
roducts. Organic solvents used included absolute ethyl alcohol,
iethylether, dimethylformamide (DMF) and dimethylsulfoxide
DMSO) were purchased from Merck or Sigma. Concentrated
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itric and perchloric acid were reagent grade and were used as
upplied.

The elemental analysis was made using Perkin-Elmer 2408
HN analyzer. Metal contents were determined by titration
gainst standard EDTA solution after complete decomposition
f the complexes with nitric and perchloric acid in kjeldahl flask
everal times and the chloride contents were determined gravi-
etrically. Melting or decomposition points were carried out

n a melting point apparatus, Gallenkamp, England. IR spectra
ere recorded on a Perkin-Elmer FT-IR type 1650 spectropho-

ometer using KBr discs. 1H NMR spectra were recorded using
rucker ARX-300 spectrometer using DMSO-d6 as a solvent,
hemical shifts are reported in parts per million downfield from
etramethylsilane. Mass spectra were recorded at 70 eV and
00 ◦C on a MS 5988 Hewlett-Packard mass spectrometer. Elec-
ronic spectra of solutions of both ligands in DMF and the solid
eflectance spectra of their metal complexes were recorded on
Jasco model V-550 UV–vis spectrophotometer. Magnetic sus-
eptibility of the metal complexes were measured by the Gouy
ethod at room temperature using a Johnson Matthey, Alpha

roducts, model MKI magnetic susceptibility balance and the
ffective magnetic moments were calculated using the relation
eff = 2.828(χmT)1/2 B.M., where χm is the molar susceptibility
orrected using Pascal’s constants for diamagnetism of all atoms
n the compounds. The molar conductance measurements were

easured in solutions of the metal complexes in DMF (10−3 M)
sing WTWD-812 Weilheium-Conductivity meter model LBR,
tted with a cell model LTA100. A Shimadzu TGA-50H ther-
al analyzer was used to record simultaneously the TG and
TG curves, the experiments were carried out in dynamic nitro-
en atmosphere (20 ml min−1) with a heating rate 10 ◦C min−1

n the temperature range 20–1000 ◦C using platinum crucibles.
ighly sintered �-Al2O3 was used as a reference. The X-ray
owder diffraction analysis of the two ligands and their Ni(II)
nd Cu(II) complexes were carried out by using Rigku Model
OTAFLEX Ru-200. Radiation was provided by copper target

Cu anode 2000 W) high intensity X-ray tube operated at 40 kV
nd 35 MA. Divergence slit and the receiving slit were 1 and

.1, respectively. The antimicrobial activity of both ligands and
heir metal complexes were screened using the diffusion agar
echnique at the Medical Mycology Laboratory in the Regional
enter for Mycology and Biotechnology at Al-Azhar University.

ig. 1. Structure of Schiff base ligands used (HL1) and (H2L2). N-
2-Thienylmethylidene)-2-amino-4-chlorobenzoic acid (HL1), N-(2-hydroxy-
enzylidene)-2-amino-4-chlorobenzoic acid (H2L2). Ta
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Table 2
IR spectral assignment for schiff base ligands (HL1) and (H2L2) and their metal complexes (υcm−1 )

Compound no. υC O (carboxy.) �υ (υasy. − υsy.) υC N (azome.) υC–C (thioph.) υCSC (ring) υO–H (pheno.) υC–O (pheno.) υM–O υM–N υM–S

HL1 1668 sh 1610 sh 1550 m 850 sh – – – – –
1 1614, 1400 214 1584 sh 1536 w 836 sh – – 520 s 500 s 468 w
2 1612, 1348 264 1586 sh 1534 w 838 sh – – 550 w 494 w 474 w
3 1620, 1398 222 1600 sh 1530 m 840 sh – – 519 s 498 w 479 s
4 1632, 1400 232 1589 sh 1539 w 837 sh – – 553 s 502 s 444 s
H2L2 1668 sh 1612 sh – – 3288 br 1248 sh – – –
5 1614, 1402 212 1576 sh – – 3240 br 1236 sh 520 w – 468 s
6 1614, 1400 214 1586 sh – – 3149 br 1236 sh 526 w – 474 w
7 1600, 1378 222 1592 sh – – 3122 br 1230 sh 526 s – 484 s
8

s

2

p
(
0
(
o
a
T
d
p
b
S
e
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(
Z
l
s
w
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C
D
a
a
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t
H
a
t
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M
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y
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w
M
x
y
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i
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t
l
i
(
S
q
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o
c
r
a
p
t
s
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t
a

1612, 1346 266 1586 sh –

h, sharp; s, small; m, medium; br, broad; w, weak.

.2. Schiff base ligands synthesis

The two Schiff base ligands, HL1 and H2L2 (Fig. 1) were
repared by adding a solution of 2-thiophenecarboxaldehyde
9.35 ml, 0.1 mol) or 2-hydroxybenzaldehyde (10.66 ml,
.1 mol) in ethanol (25 ml) to 2-amino-4-chlorobenzoic acid
17.16 g, 0.1 mol) in ethanol (50 ml) in presence of few drops
f piperidine. The mixture was kept under reflux for 4 h on
water bath and then allowed to cool to room temperature.
he product was filtered off, recrystallized from ethanol and
ried in a desciccator over anhydrous CaCl2 to give orange
owder of Schiff base ligand, HL1 in 89% yield or reddish
rown powder of Schiff base ligand, H2L2 in 76% yield.
ome physico-chemical characteristic of both ligands and their
lemental analysis is collected in Table 1.

.3. Metal complexes synthesis

A hot ethanolic solution of the appropriate metal chloride
0.1 mol) namely, CoCl2·6H2O, NiCl2·6H2O, CuCl2·2H2O and
nCl2 was added to a hot ethanolic solution of the Schiff base

igands, HL1 or H2L2 (0.2 mol). The resulting mixture was
tirred under reflux for 2 h where upon the metal complexes
ere precipitated. The precipitated solid complexes were filtered

ecrystallized and dried in vacuum desiccator over anhydrous
aCl2. These complexes are stable in air, soluble in DMF and
MSO, insoluble in most organic solvents and its elemental

nalysis are in accordance with the proposed stoichiometry and
gree well with the suggested molecular formula. Their micro-
nalytical data are listed in Table 1.

. Results and discussion

Condensation of the aldehydes with amine readily gives rise
o the corresponding imines “Schiff base ligands, HL1 and

2L2”. Their reaction with the metal ions Co(II), Ni(II), Cu(II)
nd Zn(II), afford the metal complexes (1–8), the general reac-

ion for the preparation of the metal complexes of HL1 and H2L2

s shown below:

HL1 + M(Cl)x·nH2O → [M(L1)2]y + z (1)

c
c
g
o

– 3250 br 1158 sh 540 w – 446 w

here M = Co(II): x = 2, n = 6, y = 2H2O, z = 4H2O + 2HCl;
= Ni(II): x = 2, n = 6, y = 2H2O, z = 4H2O + 2HCl; M = Cu(II):

= n = 2, y = nil, z = 2H2O + 2HCl; M = Zn(II): x = 2, n = nil,
= H2O, z = 2HCl.

H2L2 + M(Cl)x·nH2O → [M(HL2)2]y + z (2)

here M = Co(II): x = 2, n = 6, y = H2O, z = 5H2O + 2HCl;
= Ni(II): x = 2, n = 6, y = nil, z = 6H2O + 2HCl; M = Cu(II):

= n = 2, y = nil, z = 2H2O + 2HCl; M = Zn(II): x = 2, n = nil,
= 2H2O, z = 2HCl.

.1. IR spectra

The mode of binding of both Schiff base ligands to the metal
ons was elucidated by recording the IR spectra of the com-
lexes as compared with the spectra of the free ligands. The
mall difference between the infrared spectra of both Schiff
ase ligands indicates that, the ligands have a similar structure
ut the spectra of the free ligands differ obviously from that of
heir complexes as clear from Table 2. The spectra of both free
igands show two strong bands at 1610 and 1612 cm−1 character-
stics of the υC N (azomethine) stretching mode for (HL1) and
H2L2), respectively [9,16,17] indicating the formation of the
chiff base products. These bands are shifted towards lower fre-
uencies in the spectra of all metal complexes 1600–1576 cm−1

ompared with the free Schiff base indicating the involvement
f the azomethine nitrogen in chelation with the metal ions, the
oordination of nitrogen to the metal ion would be expected to
educe the electron density of the azomethine link and thus cause
shift in the υC N group [11]. The intense band at 1668 cm−1

resent in the IR spectra of the free ligands may be assigned to
he υC O (carboxylic group), similar band was observed at the
ame frequency region in the IR spectra of some organic acid
igands [18,19]. However, the spectra of all complexes show
he absence of this band accompanied by the appearance of
wo characteristic bands at 1632–1600 and 1402–1346 cm−1

ttributed to υasy.(COO−) and υsy.(COO−), respectively, indi-

ating the participation of the carboxylate oxygen atom in the
omplexes formation. The mode of coordination of carboxylate
roup (Fig. 2) has often been deduced from the magnitude of the
bserved separation between the υasy.(COO−) and υsy.(COO−),
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Table 3
1H NMR spectra data of Schiff base ligands (HL1) and (H2L2) and their dia-
magnetic Zn(II) complexes (δ, ppm)

Compound
no.

COOH(s) OH(s) HC N(s) Aromatic (and/or)
thiophene protons(m)

HL1 11.43 – 8.93 7.94–6.95
4 – – 8.99 7.65–6.79
H2L2 11.41 10.20 8.92 7.68–6.94
8 – 10.35 8.96 7.65–6.95

s, singlet; m, multiple.

F
(
M

1
spectrum of the Zn(II) complexes indicating the deprotonation
of carboxylic group and its involvement in chelation through
the displacement of the COOH proton. The shift to higher field
of the CH N– proton signal which appears in the free ligands
Fig. 2. Possible coordination modes of the carboxylate group.

he separation value (Δ) between υasy.(COO−) and υsy.(COO−)
n metal complexes was more than 200 cm−1 (266–212 cm−1)
uggests the coordination of carboxylate group in all metal com-
lexes of the two ligands in a monodentate fashion [20–23].

The Schiff base ligand (HL1), its spectrum displays two
ands at 1550 and 850 cm−1 ascribed to υC–C and υC–S–C
thiophene moiety) [24] which shifts to lower frequencies in
he spectra of metal complexes (1–4) in the region 1539–1530
nd 840–836 cm−1, respectively, suggesting the coordination of
etal ions through the sulphur atom of thiophene moiety sup-

orted from 1H NMR data.
The observed broad band at 3288 cm−1 in the IR spectrum

f the ligand, H2L2 was assigned to υO–H (phenolic) of alde-
yde moiety [13,14,17]. The observed low value of this band
s due to the intramolecular hydrogen bonding between the
ydrogen atom of OH group and the azomethine nitrogen atom,
–H· · ·N, where the free υO–H is generally observed between
650 and 3500 cm−1 according to the assignment made by Son-
ez and Sekerci [25]. This band was shifted to lower frequencies

n metal complexes (5–8) at 3250–3122 cm−1 suggesting the
nvolvement of O–H group in coordination. Additionally, the IR
pectrum exhibits a strong band at 1248 cm−1 may be referred
o υC–O (phenolic), the same band was observed at the same
requency in the IR spectrum of salicylidene thiophenol Schiff
ase [6] which undergoes a shift toward lower frequencies in
he region 1236–1158 cm−1 in the metal complexes (5–8). This
hift confirms the participation of the oxygen atom of aldehyde
oiety in coordination to the metal ion.
Conclusive evidence of the bonding is also shown by the

bservation that new bands in the spectra of all metal complexes
ppear in the low frequency regions at 553–519, 502–494 and
84–444 cm−1 characteristic to υM–O, υM–N and υM–S stretch-
ng vibrations, respectively, that are not observed in the spectra of
oth free ligands [15,26]. Furthermore, the observed broad bands
ppear at 3452–3400 cm−1 in some complexes may attributed
o OH stretching vibration of lattice water molecules, another
ands observed at 900–844 cm−1 due to bending vibration of
2O indicating that these complexes are hydrated supported

rom thermal analysis study [27,28].

.2. 1H NMR spectra

The NMR spectra of the free Schiff base ligands (HL1)
nd (H2L2) and their diamagnetic Zn(II) complexes (4 and 8)
ere recorded in d6-dimethylsulfoxide (DMSO) solution using
etramethylsilane (TMS) as internal standard. The 1H NMR
pectra of zinc(II) complexes are compared with those of the
ree ligands (Table 3). Upon complexation, the signal due to
he carboxylic proton which appears in the free ligands at δ

F
M
x

ig. 3. Proposed molecular structure of metal complexes (1–4). In complex
1): M = Co2+, x = 2H2O; in complex (2): M = Ni2+, x = 2H2O; in complex (3):

= Cu2+, x = nil; in complex (4): M = Zn2+, x = H2O.

1.43–11.41 ppm (s, 1H) [29] is completely disappeared in the
ig. 4. Proposed molecular structure of metal complexes (5–8). In complex (5):
= Co2+, x = H2O; in complex (6): M = Ni2+, x = nil; in complex (7): M = Cu2+,

= nil; in complex (8): M = Zn2+, x = 2H2O.
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n rou

a
t
t
a
s
m

t
o

Fig. 5. Proposed fragmentatio

t δ 8.93–8.92 ppm (s, 1H) [30] suggesting the coordination to
he metal ions via the azomethine nitrogen. The upfield shift of

he signal due to phenolic proton in zinc(II) complex (8) which
ppears in the free ligand (H2L2) at δ 10.20 ppm (s, 1H) [25]
upports the involvement of OH group in coordination to the
etal ions. The signals at δ 7.94–6.79 ppm (multiplets) are due

t
D
t
c

Fig. 6. Proposed fragmentation rout
te of Schiff base ligand, HL1.

o the aromatic and thiophenic protons [31]. The downfield shift
f the thiophenic protons in zinc(II) complex (4) indicating that

he thiophenic sulphur taking part in complexation to metal ions.
epending on the IR and 1H NMR Spectra, the suggested struc-

ures of the complexes are given in Figs. 3 and 4 which are
onfirmed by the other techniques.

e of Schiff base ligand, H2L2.
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Fig. 7. Proposed fragmentation route of: (a) [Zn(L1)2]·H2O and (b) [Zn(HL2)2]·2H2O.

Table 4
Electronic spectral data, magnetic moment values and ligand field parameters of the paramagnetic metal complexes

Compound no. μeff

(B.M.)
Absorption bands (cm−1)/peak assignment Ligand field parameters CFSE

(cm−1)
υ1 υ2 υ3 Dq (cm−1) B (cm−1) β β (%)

Co(II) complexes
(1) [Co(L1)2]·2H2O 4.93 13.33 × 103 15.90 × 103 18.35 × 103 2086.50 837 0.85 15.03 16.69 × 103

(5) [Co(HL2)2]·H2O 4.56 12.90 × 103 14.43 × 103 18.05 × 103 2022 831 0.84 15.63 16.18 × 103

4T1g(F) → 4T2g(F) 4T1g(F) → 4A2g(F) 4T1g(F) → 4T1g(P)

Ni(II) complexes
(2) [Ni(L1)2]·2H2O 3.06 12.50 × 103 18.52 × 103 21.28 × 103 1250 653 0.60 39.65 15 × 103

(6) [Ni(HL2)2] 2.93 12.20 × 103 17.39 × 103 20.83 × 103 1220 531 0.49 50.92 14.64 × 103

3A2g(F) → 3T2g(F) 3A2g(F) → 3T1g(F) 3A2g(F) → 3T1g(P)

Cu(II) complexes
(3) [Cu(L1)2] 1.99 15.93 × 103 16.11 × 103 18.22 × 103

(7) [Cu(HL2)2] 1.96 15.82 × 103 16.33 × 103 17.91 × 103

2B1g → 2B2g
2B1g → 2Eg

2B1g → 2A1g
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.3. Mass spectra

The mass spectra of the ligands used, HL1 and H2L2 exhibit
he molecular ion peaks at m/e (264.00 and 277.00) (calculated
65.73 and 275.70) with abundance 18.19% and 11.01%, respec-
ively. Their proposed pathway fragmentation pattern is depicted
n Figs. 5 and 6. The mass spectra of the metal complexes (1–8)
ave been investigated in which the molecular ion peaks are
etected. All metal complexes show similar fragmentation pat-
ern and Fig. 7 shows the proposed fragmentation pattern of the
inc(II) complexes as representative example.

.4. Molar conductance data

The metal complexes discussed herein were dissolved in
MF and the molar conductivities of 10−3 M of their solutions

t room temperature were measured to establish the charge of
he metal complexes. The conductance data, Table 1 indicate
hat, all the metal complexes having conductivity values in the
ange characteristic for the non-electrolytic nature suggesting
hat these complexes are neutral [32].

.5. Magnetic susceptibility measurements and electronic

bsorption spectra

The electronic spectra of both free ligands under study in
MF solution were characterized mainly by two absorption

e
p
a
t

able 5
hermal behavior of metal complexes (1–8) of the Schiff base ligands (HL1) and (H2

ompound no. Temperature range (◦C) Loss in weight found (calcd.) (

Mass loss Total mass

1) [Co(L1)2]·2H2O 40–450 88.56 (88.00)

2) [Ni(L1)2]·2H2O

25–88 8.67 (8.57)
88–234 14.43 (14.43)

234–425 28.75 (28.88)
425–600 33.64 (34.24) 85.49 (86.

3) [Cu(L1)2]
50–100 8.19 (7.76)

100–375 41.26 (41.88)
375–500 38.33 (37.96) 87.78 (87.

4) [Zn(L1)2]·H2O

50–130 3.24 (2.94)
130–325 30.03 (30.06)
325–425 22.14 (22.54)
425–600 30.82 (30.53) 86.23 (86.

5) [Co(HL2)2]·H2O

38–127 6.58 (6.23)
127–265 13.91 (13.91)
265–450 31.35 (31.65)
450–800 27.62 (28.13) 79.46 (79.

6) [Ni(HL2)2]

34–108 11.54 (11.66)
108–246 9.68 (9.54)
246–434 29.76 (29.97)
434–600 33.26 (35.56) 84.24 (86.

7) [Cu(HL2)2]
100–350 43.08 (43.91)
350–581 46.63 (46.05) 89.71 (89.

8) [Zn(HL2)2]·2H2O
100–300 89.97 (89.95)
300–596 8.93 (10.05) 98.90 (100
Acta Part A 67 (2007) 25–38 31

ands in the region (25.00–50.00) × 103 cm−1 assigned to π–π*

nd n–π* transition, involving the molecular orbitals of the C N
nd both benzene and thiophene rings [8]. In metal complexes,
hese transitions were found to be shifted to lower or higher
nergy region compared to the free ligands transitions confirm-
ng the coordination of the ligands to metal ions, in addition to
–d transitions and the intramolecular charge transfer transitions
etween the ligands and metal ions. The spectra data (Table 4)
ncludes absorption regions, band assignment and magnetic sus-
eptibility values.

At room temperature, Co(II) complexes (1 and 5) show mag-
etic moment values in the range 4.93–4.56 B.M., which higher
han the spin only value (3.87) due to the orbital angular momen-
um contribution in d7-system and close to the value required for
n octahedral structure [11]. The magnetic moment values for
he Ni(II) complexes (2 and 6) were found to be 3.06–2.93 B.M.,
hich is in the normal range (2.80–3.80) for an octahedral envi-

onment [1]. Cu(II) complexes (3 and 7) show magnetic values
f 1.99–1.96 B.M. falls within the range normally observed for
ctahedral Cu2+ complexes [15]. Zn(II) complexes (4 and 8) are
ound to be diamagnetic as expected for d10 configuration.

The metal ion, Co(II) (d7) gives rise to the free ion
erms 4F, 4P and a number of doublet states [33], the

lectronic spectra of Co(II) complexes (1 and 5) dis-
lay three bands at (13.33–12.90) × 103, (15.90–14.43) × 103

nd (18.35–18.05) × 103 cm−1 wave number regions, respec-
ively, may assigned to the transition 4T1g(F) → 4T2g(F) (υ1),

L2)

%) Decomposition product loss

loss

2H2O (lattice) and 2L1 leaving CoO residue

H2O (lattice) and Cl
H2O (lattice), CO2 and CO
CN and biphenyl fragment

12) CN, O, Cl, 2CH CH and thiophene fragment leaving NiS residue

NO2

CN, CO, CH CH and two thiophene fragment
60) 2C6H5Cl leaving CuO residue

H2O (lattice)
NO and biphenyl fragment
O2, CN, CO and 2CH CH

07) Cl2, S and thiophene fragment leaving ZnC2 residue

(1/2)H2O (lattice) and NO
(1/2)H2O (lattice) and C6H6

CO2 and biphenyl fragment
92) CO2, CO, CN and C6H6 leaving CoCl2 residue

2Cl
CO and NO
CO and biphenyl fragment

73) O2, NO and biphenyl fragment leaving NiC2 residue

CO2, Cl2 and biphenyl fragment
96) CO2, O2, 2CN and biphenyl fragment leaving Cu residue

2H2O (lattice) and 2HL2

.00) Zn and no residue
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T1g(F) → 4A2g(F) (υ2) and 4T1g(F) → 4T1g(P) (υ3), respec-
ively of the d7-system suggesting Co(II) high-spin complexes
ctahedral environment of donor atoms with a ground state term
ymbol 4F, its magnetic moment values confirm the octahedral
tructure [15]. The ligand field parameters (Dq, B and β) where
q is the crystal field splitting parameter, B the Racah inter-

lectronic repulsion parameter and β is the nephelauxtic param-
ter were calculated [34]. The smaller B value (837–831 cm−1)
ompared to the free metal ion (985 cm−1) is due to the strong
nteraction between the reactive sites of the organic com-

ound with cobalt(II) ion which indicate a reduction of about
5.63–15.03% from the free ion value, also (β) value is less than
nity (0.85–0.84) suggesting a largely covalent bond between
he organic ligand and cobalt(II) ion in these complexes. Addi-

h
w
c
s

Fig. 8. TG and DTG curve of: (a) [Ni(
Acta Part A 67 (2007) 25–38

ionally, the crystal field stabilization energy (CFSE) for Co(II)
n a crystal field with Oh symmetry was calculated.

The free ion terms for Ni(II) ion (d8) are 3F, 3P, 1G, 1D and 1S
33]. The electronic spectra of Ni(II) complexes (2 and 6) exhibit
hree electronic spectra bands in the range (12.50–12.20) × 103,
18.52–17.39) × 103 and (21.28–20.83) × 103 cm−1 suggest-
ng high-spin Ni(II) complexes with octahedral configura-
ion with a ground state term symbol 3F. These bands are
ssigned to 3A2g(F) → 3T2g(F) (υ1), 3A2g(F) → 3T1g(F) (υ2)
nd 3A2g(F) → 3T1g(P) (υ3) transition, respectively for an octa-

edral geometry [35]. The ligand field parameters (Dq, B and β)
ere calculated [36] and the smaller B value (653–531 cm−1)

ompared to the free metal ion (1082 cm−1) is due to the
trong interaction between the reactive sites of the organic com-

L1)2]·2H2O and (b) [Ni(HL2)2].
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Fig. 9. X-ray diffraction pattern of: (a) Schiff base ligand, HL1, (b) [Ni(L1)2]·2H2O and (c) [Cu(L1)2].
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ound with nickel(II) ion which indicate a reduction of about
0.92–39.65% from the free ion value, also (β) value is less than
nity (0.60–0.49) suggesting a largely covalent bond between
he organic ligand and nickel(II) ion in these complexes. Addi-

t
i

s

Fig. 10. X-ray diffraction pattern of: (a) Schiff base lig
Acta Part A 67 (2007) 25–38
ionally, the crystal field stabilization energy (CFSE) for Ni(II)
n a crystal field with Oh symmetry was calculated.

The metal complexes (3 and 7) for Cu(II) ion (d9), their
pectra consist of a broad, low intensity shoulder band centered

and, H2L2, (b) [Ni(HL2)2] and (c) [Cu(HL2)2].
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Table 6
X-ray diffraction data of Schiff base ligand (HL1) and its Ni(II) and Cu(II) complexes (2, 3)

HL1 [Ni(L1)2]·2H2O [Cu(L1)2]

d (Å) 2θ I/I0 d (Å) 2θ I/I0 d (Å) 2θ I/I0

11.81 7.48 16.60 15.07 5.86 89.80 15.48 5.71 100.00
10.38 8.51 3.80 4.46 19.90 100.00 11.87 7.44 8.00

8.73 10.12 5.00 3.79 23.46 15.40 7.69 11.50 18.70
7.71 11.46 2.50 3.41 26.14 44.50 5.14 17.24 14.10
6.69 13.22 12.50 3.25 27.44 51.40 4.88 18.15 26.40
6.03 14.68 9.40 3.06 29.14 18.30 4.51 19.67 50.40
4.89 18.13 100.00 2.66 33.71 19.20 3.83 23.20 10.60
3.89 22.85 44.40 2.50 35.96 19.90 3.57 24.89 10.60
3.74 23.79 5.10 2.35 38.30 8.30 3.44 25.89 26.50
3.40 26.21 17.80 2.10 43.14 5.10 3.09 28.90 20.00
3.19 27.98 28.00 2.02 44.78 7.90 2.67 33.49 8.20
2.99 29.87 2.60 1.69 54.37 13.70 2.50 35.86 7.70
2.86 31.27 15.80 1.50 62.02 3.70 2.35 38.19 5.60
2.74 32.63 6.20 1.36 68.79 7.70 2.12 42.54 9.80
2.56 35.01 2.00 1.24 76.49 14.30 2.04 44.39 7.60
2.43 37.03 13.60 1.99 45.64 6.30
2.32 38.74 4.10 1.89 47.99 6.20
2.20 41.00 1.90 1.70 53.82 9.50
2.10 43.13 5.10 1.36 68.83 4.50
1.90 47.77 3.50

a
t
2

a

w

t
f

T
X

H

d

1
1

1.85 49.14 2.10
1.81 1.80

t (18.22–15.93) × 103 and (17.91–15.82) × 103 cm−1, respec-
ively, may be assigned to the transitions 2B1g → 2B2g and

2 2 2
B1g → Eg and B1g → A1g, respectively, corresponding to
distorted octahedral geometry of Cu(II) ion [15].

Zn(II) complexes (4 and 8) are diamagnetic and in analogy
ith the previously described Zn(II) complexes of some triden-

e
a
L
[

able 7
-ray diffraction data of Schiff base ligand (H2L2) and its Ni(II) and Cu(II) complex

2L2 [Ni(HL2)2]

(Å) 2θ I/I0 d (Å) 2θ

5.07 5.86 6.80 15.12 5.84
1.64 7.59 9.60 4.46 19.89
6.67 13.26 6.70 3.78 23.50
4.89 18.11 100.00 3.40 26.15
4.52 19.64 19.20 3.24 27.51
3.87 22.94 24.90 3.06 29.18
3.69 24.07 18.50 2.34 38.37
3.52 25.30 15.10 2.10 43.14
3.39 26.24 43.40 1.69 54.28
3.18 28.03 89.00 1.63 56.42
2.98 29.92 1.60 1.60 57.66
2.87 31.17 11.20 1.26 75.20
2.73 32.79 5.00
2.57 34.89 0.70
2.42 37.12 6.50
2.31 38.91 4.00
2.20 40.99 8.50
2.11 42.88 0.90
1.90 47.80 6.70
1.64 55.91 4.10
ate donor ligands [1,13,25,26,37] and according to the empirical
ormula of these complexes, we propose an octahedral geom-

try for the Zn(II) complexes. Their electronic spectra show
n absorption bands at (26.32–25.00) × 103 cm−1 attributed to
MCT transition which is compatible with octahedral structure

38].

es (6, 7)

[Cu(HL2)2]

I/I0 d (Å) 2θ I/I0

100.00 15.21 5.80 100.00
83.90 11.81 7.48 7.70
21.00 8.34 10.60 0.70
46.40 7.56 11.69 15.30
77.20 5.03 17.61 10.80
21.80 4.57 19.41 19.20
17.60 4.29 20.69 16.40
16.20 3.74 23.77 10.00

7.90 3.49 25.53 15.70
5.50 3.03 29.43 5.20

15.30 2.79 32.01 0.40
19.30 2.71 33.01 4.60

2.61 34.36 7.00
2.51 35.81 4.60
2.41 37.26 4.00
2.23 40.46 5.20
2.14 42.29 6.30
2.07 43.71 3.80
1.81 50.42 2.50
1.70 53.72 2.20
1.51 61.51 2.00
1.46 63.55 1.60
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.6. Thermogravimetric analysis

Thermal analysis plays an important role in studying the
roperties of metal complexes to obtain a useful data on the
etal–ligand bonds. The thermal decomposition of all metal

omplexes (1–8) was studied using the TG-technique. During
he heating of the metal complexes, the TG-curves undergo a
eries of thermal changes associated with a weight loss of the
amples. Analysis of the obtained TG-curves is given in Table 5
nd the correlations between the different decomposition steps
f the complexes with the corresponding weight losses are dis-
ussed in terms of the proposed formulae of the complexes.
ig. 8 is a representative example for thermal analysis of the
etal complexes under study.

.7. X-ray diffraction study

Single crystals of the complexes under study could not be
btained because the metal complexes wear isolated as powder
ather than single crystals, in addition to their insolubility in most
rganic solvents, thus no definitive structure can be described.
-ray diffraction patterns of both ligands, HL1 and H2L2 and

heir Ni(II) and Cu(II) complexes (2, 3, 6 and 7) were recorded
etween 4◦ and 80◦ (2θ) and are given in Figs. 9 and 10. The
alue of (2θ), interplanar spacing d (Å) and the relative inten-
ities (I/I0) of the compounds under study were recorded in
ables 6 and 7. Comparing the X-ray diffraction patterns of each

igand with its corresponding metal complexes indicate that the
nterplanar spacing, d (Å) and the relative intensities (I/I0) are
ifferent which could be attributed to the complex formation.
urthermore, correlation the analytical, spectroscopic and mag-
etic data enables us to predict the possible structure for the
etal complexes.

.8. Antimicrobial studies

The two Schiff base ligands, HL1 and H2L2 and their metal
omplexes (1–8) have been tested against four species of bacte-
ia; Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus
ubtilis and Escherichia coli as well as four species of fungi;
spergillus fumigatus, Penicillium italicum, Syncephalastrum
acemosum and Candida albicans. The test was done using the
iffusion agar technique [39] and both chloramphenicol and
erbinafin were used as standard antibacterial and antifungal
gents, respectively. The compounds to be tested were dissolved
n dimethylformamide at a different concentration 1, 2.5 and
mg/ml and the diameter (cm) of the inhibitation zone was mea-

ured, all data were collected in Tables 8 and 9.
On comparing the biological activity of the Schiff base

igands and their metal complexes the following results are
btained:
1) The ligands and their metal complexes, all have the capacity
of inhibiting the metabolic growth of the investigated bac-
teria and fungi to different extent. This inhibitory capacity
is reinforced with the increment of concentration. Ta
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Table 10
Antibacterial activity of some known antibiotics

Antibiotic
name

Staphylococcus
aureus

Pseudomonas
aerruguinosa

Escherichia
coli

Amikacin R +++ ++
Doxycllin +++ R R
Augmantin +++ R +++
Sulperazon +++ +++ R
Unasyn +++ R ++
Septrin R R R
Cefobid R R R
Ampicillin R ++ ++
Nitrofurantion +++ R R
Traivid R R +++
E

R

(

(

(

s
m
e
T

4

b
c
d
a
S
t
o
g
o
e
t
p
s
b
i
m
o
p
a
c
d

rythromycin +++ R R

= resistance.

2) The different coordinated metal ions have different influence
towards the tested bacteria and fungi. This result reflects the
difference of the way and mechanism that the complexes
interact with bacteria and fungi due to the difference in metal
ions.

3) The inhibitation zone of the metal chelates generally is
higher than that of the free ligands.

4) The two ligands and their metal complexes were found to
be more effective against the fungi than bacteria species.

Comparison of the antibacterial activity of the synthe-
ized compounds with some known antibiotics shows some
etal complexes possess remarkable antimicrobial activity

qual to or higher than some possess antibiotics as clear from
able 10.

. Concluding remarks

In this work, the coordination chemistry of the two Schiff
ase ligands, HL1 and H2L2 and their metal complexes with
obalt(II), nickel(II), copper(II) and zinc(II) metal ions were
escribed and characterized on the basis of analytical, magnetic
nd spectral data as well as thermal gravimetric studies. The two
chiff base ligands act as monobasic tridentate, coordinated to

he metal ions in a terdentate manner with ONO/ONS donor sites
f the carbonyl oxygen, azomethine nitrogen and phenolic oxy-
en or thiophenic sulphur and in both, the coordination mode
f carboxylate group is the unidentate mode. Correlating the
xperimental data, one can suggest the octahedral structure for
he prepared metal complexes. Additionally some metal com-
lexes posses antibacterial and antifungal activity against the
elected species of bacteria or fungi more than the free Schiff
ase ligands which is in accordance with the fact that the chelat-
ng of metal to ligands increase the biological activity of the

olecule. These results were compared with some known antibi-

tics showing that, the free ligands or some their metal com-
lexes possess a higher degree of antibacterial activity than the
ntibiotics itself. The importance of this lies in the fact that these
omplexes could be applied in the treatment of some common
iseases.
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