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Abstract

Schiff base ligand salpphen (L) were synthesized by the condensation reaction of p-
phenylenediamine with salicylaldehyde, Schiff base ligand was used as a primary ligand and
some of amino acid (Alanine or Glycine) as secondary ligand to synthesized complexes
containing mixed ligands with the metals ions Co(lIl), Ni(Il), Cu(ll) . The prepared ligand(L) was
characterized on the basis elemental analyses(CHN), FT-IR,"HNMR, UV-Visible spectroscopy.
While prepared complexes were characterized on the basis elemental analyses, FT-IR, 'HNMR,
UV-Visible spectroscopy, conductivity and magnetic measurements. The morphology of the one
of the complexes CuLAla was studied by scanning electron microscopy (SEM). The compounds
were subjected to simultaneous thermogravimetric analysis (TGA/DTA) to study their
decomposition mechanism and thermal stability. The spectroscopic and magnetic moments
shows the suggested geometry of the metal ions complexes are octahedral. The antibacterial
activities of the ligand and some of its metal complexes have been screened against bacteria E.
coli and S. aureus.
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1. Introduction

Coordination chemistry of transition metal ions has a wide interdisciplinary relevancy in day to
day life. Modified pharmaceuticals are no doubt gift of above mentioned field and indirectly
demand to dominate the harmful effects of bacteria, fungi and viruses. It definitely to synthesize
like modifier versions. These imPortant properties seem to be a result of chelation behavior among
ligands and transition metal ion ™. The coordination chemistry to the transition metal complexes
as mixed ligands are of general interest because they can supplying new materials with useful
properties like magnetic exchange, nonlinear optical property , electrical conductivity , and
antimicrobial activity . The biological significance of mixed ligand complexes is that they are at
times more effective than the free ligands. Mixed-ligand complexes containing N and O donor's
atom are important because of their antibacterial, antifungal, and anticancer activities ©). Mixed
ligand complexes include amino acids as a secondary ligand are of importance as they are potential
models for enzyme-metal ion of substrate complexes. The lot of interest is being given to the study
of mixed ligand complexes of Schiff bases include salicylaldehyde with amino acids ©*°!.

The aim of the study is synthesis ligand contend multi_electronic dentate (Schiff base), synthesis
complex for transition metal ion with mixed ligands (Schiff base and selected amino acids), and
evaluation of their antibacterial activity.

2. Experimental

All the chemicals were of reagent grade, were used as supplied from (Fluka), (B.D.H.),
(Himedia), (Merck). Conductivity measurements for 10°M solution of the complexes in (DMF)
were carried out with on Digital Conductivity Meter - WT-720 — ino Lab (Germany). Infrared
spectra were recorded on a FT-IR-8400 S shimadzu (Japan). The UV/Vis spectra were recorded on
UV-Visible spectrophotometer — 1800 shimadzu (Japan) for 10° M solution of complexes in
DMSO using 1cm quartz cell. Melting points were measured using Stuart Melting points apparatus
(England). Magnetic susceptibility was measured by using Magnetic Susceptibility Balance,
Johnson Mattey (England). The NMR spectra were recorded on Broker - 400 (Germany). The
element analysis was measured by using Thermo Finning Flash EA1112. The Thermogravimetric
analyses (TGA/DTA) was measured by using Perkin EImer STA6000/TGA4000. Scanning Electron
Microscopy (SEM) by use Inspect S50 SEM FEI Company.

2.1. Synthesis of ligand salpphen (L)

The ligand L was prepared according to the literature ), to the solution of p-phenylenediamine
(4.623 mmol ,0.5g) in (20 mL) absolute ethanol, a solution of salicylaldehyde (9.245 mmol ,
1.1299) was add , the mixture was reflexed for two hours , the color of the mixture was change to
yellow after filtering. The precipitate was washed with diethyl ether, the yellow precipitate was then
recrystallized from toluene, organic precipitate was obtaining. Table 1 is illustrated some of
properties to the ligand(L).
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Table (1) Colors, yields%, elemental analyses, and melting points of the prepared compounds

Vil % H %N % C
Compound Color I; m.p.°C

° Cal. Fou. Cal. Fou. Cal. Fou.

L Orang 83 218-220 5.1 5.02 8.86 8.44 75.93 | 75.43
ColAla Brown 63 352-354 431 4.26 9.21 9.1 51.33 | 51.11
ColGly Black 59 354-357 3.82 3.65 9.65 9.59 49.67 | 49.43

brown

NiLAla Green 64 251-253 431 4.19 9.22 9.15 51.37 | 51.21
NiLGly Black 67 288-290 3.82 3.49 9.66 9.46 49.71 | 49.19
CulAla Black 66 296-298 4.24 4.19 9.07 8.95 50.56 | 50.27
CulLGly Black 62 320-323 3.76 3.53 9.5 9.25 48.89 | 48.27

2.2. Synthesis of complexes from mixed ligands

To the solution of chloride of the metal ion (CoCl,.6H,0, NiCl,.6H,0 and CuCl,.2H,0) (3.1
mmol) in (20 mL) acetone , a solution of the ligand L (1.5 mmol) in (30 mL) acetone, and a
solution of amino acid (3.1 mmol) in (3 mL, 0.1M HCL) was add, the pH of the mixture was about
(10-11) by add (1M NaOH), the mixture was reflexed to 12 hours. The formed precipitate was
filtered and washed with diethyl ether, Table 1 shows Colors, yields %, elemental analyses, and
melting points.

Results and Discussion

FT-IR: the most important infrared bands for the ligand and its complexes were listed in Table 2,
the v(C=N) imine stretching band at (1612) cm™ belong to the Schiff base ligand ™ was shifted to
higher frequency with complexes ™, the v(O-H) in the ligand was at (3419)cm™ 4 | the v(COO")
symmetric and asymmetric to the amino acid was at (1410, 1527)cm™ ¥ these bands in the
complexes was shifted and changed in intensities, The v(-NH;) symmetric and asymmetric to the
amino acid was at (3167-2975)cm™ ', They shift to higher frequencies in the complexes. Further
proof for the involvement of both azomethine , the COO™ and NH, groups in complexation is the
appearance of weak bands in the far IR region of complexes at (500-600) and (600—700) due to
t(M-N) and t(M-O) respectively which are absent in the free ligands "8 . Figures 1(A-G) shows
the FT-IR spectra for the ligand and its complexes.
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Table (2) FT-IR frequencies in (cm™) of the prepared compounds

_ vN-H vN-H vCOO vCOO
compound ?rg;]’: asym. sym. asym. sym. U|_(|)2 CI)_| vM-O | vM-N
(aa) (aa) (aa) (aa)

L 1612 | oo | e | e ] 3419 | | el
CoLAla 1650 3265 3166 1595 1446 3558 | 657 520
Ni LAla 1680 3335 3249 1573 1419 3471 | 650 543
Cu LAla 1610 3255 3055 1525 1456 3360 | 673 549
Co LGly 1678 3331 3055 1616 1454 3444 | 611 557
Ni LGly 1652 3360 3055 1614 1457 3472 | 623 532
Cu LGly 1651 3271 3050 1599 1443 3333 | 682 559

(aa) amino acid

'HNMR:

The "HNMR spectra of the ligand (L) (Table 3, Fig.2 A) display two signals at 9.04 and 13.09
ppm to protons corresponding to the CH=N- and -OH groups. the aromatic protons display multi
signals at (6.23-7.69) ppm % in the complexes (Fig.2(B-E)) these signals was shifted due to
coordination with metal ion. In the complex CuLAla the signal of Ar-OH did not appear.
Furthermore the complexes shows signals of protons of CHs, CH,, CH, NH, to amino acid #*?%,
Table 4 shows the most important signal of ‘HNMR for the ligand and its complexes.

Table (3) 'HNMR in (ppm) for the ligand L and its complexes with amino acids

compound Ar-H Ar-OH CH=N CHs CH CH, NH;
L 6.23-7.69 13.09 9.04
CoLGly 6.424-8.003 | 13.728 | 8.874,8.976 4.620 5.429
NiLAla 6.598-7.531 | 13.676 | 8.838 1.232 | 3.362 5.352
NiLGly 6.604-7.804 [ 13.09, | 8.858, 9.036 3.366 5.364
13.712
CuLAla 6.669-8.797 9.679-9.683 1.238 | 3.558 5.005
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Thermogravimetric analyses (TGA/DTA):

Thermogravimetric analyses for the ligand (L) and its some complexes (Figures.3(A-D) with
the amino acid (Alanine) have been explained by using the technic of TGA/DTA at heating rang of
30-800°C at 10°C/min , Table 4 shows the percentage of the loss of weight and the suggest
compound that loss and suggest compound result after decomposition. The TGA/DTA for the
ligand and its complexes showed that the ligand is less stable than its complexes. The complexes
show the gradual loss in weight due to decomposition by fragmentation with increasing
temperature.

Table (4 ) Thermogravimetric analysis (TGA/DTA) for some prepared compounds

Weight loss % Lost suggest species
Temp. range of .
compound d A Result suggest species
ecomp. °C
Found calculate
36.0 37.6 27.87-335 - phOH, - CH=N ph, phOH, CH=N
L
59.0 62.0 335-790 ph,- phOH, -CH=N
2 C3HgNO,(Ala)
10.0 10.5 0-260 -4H,0
2ph0, ph, 2CH=N, 2Co
C3HgNO,(Ala)
14.0 13.0 260-500 -C3HgNO,(Ala)
CoLAla 2phO, ph, 2CH=N, 2Co
-C3HgNO,(Ala)
19.0 20.9 500-655 2phO, ph, 2Co
-2CH=N
5.0 4.7 655-800 -20 3ph, 2Co
-2Cl —
18.0 185 0-110 2Ala, 2ph02HNFh, 2CH=N,
-3H,0
11.0 116 110-180 -Ala Ala, 2phOH, ph, 2CH=N,
2Ni
NiLAla
11.0 116 180-305 -Ala PhOH, phO, ph, 2CH=N,
2Ni
27.0 26.9 305-492 -2ph,-2CH=N,-H 20H,ph, 2Ni
8.0 9.4 492-814 -ph 2NiO
-4H,0 , -Ala,
33.3 34.3 0-330 Ala, 2phO, 2CH=N, 2Cu
_ph
CuLAla 13.3 13.9 330-620 -Ala 2ph0O, 2CH=N, 2Cu
2.4 2.9 620-720 -CH=N 2ph0O, CH=N, 2Cu
2.7 3.9 720-800 -CH=N 2ph, 2Cu0
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Molar conductance:

The molar conductivity data are summarized in Table 6, the molar conductance values for the
complexes CoLAla, NiLGly, CuLAla indicating the nonelectrolyte nature, and for the complexes
CoLGly, NiLAla, CuLGly indicating 1:1 electrolytic nature for this complex.

Magnetic susceptibility:

The magnetic moment of Co(ll) complexes was about (4.13, 4.29)B.M this values suggested
octahedral structure®®, and for the complexes of Ni(ll) was about (3.16, 2.06)B.M this values
suggested octahedral structure® and for Cu(Il) complexes was about (1.54, 1.41)B.M the lower
value suggested octahedral structure!®, the values of magnetic moment listed in Table 6 .

Electronic spectra:

The electronic spectra for the ligand L and its complexes shown in Figures(4 A-G), the
spectrum of the ligand exhibited band at 250nm for n—=* transition (phenyl) and band at 375nm
for n—x* transition (HC=N) %! the spectra of Co(ll) complexes showed bands between 540-
690nm correspond to “T;g—*A,g" transition based on the nature of band on octahedral geometry
271 the spectrum of Ni(ll) complexes showed band that correspond to *A,g—°T1g", *Ag—°Tig"
transition this band back to octahedral geometry 8 and the spectra of Cu(ll) complexes showed
band between 550-800nm correspond to Big—?Asg, “Big—’B.g, 2Big—2Eg transition this
transition belong to distorted octahedral®.Table 5 shows the molar conductivity, magnetic
moment, electronic spectral for the prepared complexes.
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Table (5) Electronic spectral data, magnetic moment and molar conductivity of the

complexes in DMSO

1 o conductivity | Suggestion
complexes | A(nm) v (cm™) transitions Herf BM T
18518-
CoLAla | 540-650 15384 T, g A" 4.13 40.6 Oh
17241-
CoLGly | 580-690 14492 Tig oA | 429 52.9 Oh
19607-
510-560 17857 Aog—Tigf
NiLAla 3.16 53.3 Oh
640-690 15625- *Aog— Tig"
14492
750 13333 *Ag—°Tig"
NiLGly 2.06 10 Oh
690 14492 *Aog—°Tig"
zBlg—>2Alg
18181-
CuLAla | 550-800 1825%0 ’B,g—°B,g 1.54 40.8 Oh
’B,g—’Eg
zBlg—>2Alg
CuLGly | 550-800 118215%10 ’B1g—?B,g 1.41 52.3 Oh
’B1g—2Eg

Scanning Electron Microscopy (SEM):
The SEM use to stud
coordination chemistry

[30-37

the morphology of complexes by many researchers on the field of

The SEM was taken at 30kV accelerating voltage and magnification was fixed according to
98x-21723x, in SEM image macroscopic phase separation dense layer was noticed, by some image
that take for the complex CuLAla show the crystalline nature very clearly special on magnification
23120x. The crystalline nature can be describe as linear fibre random for the complex CuLAla with
length 0.47um and broaden 0.2um by program MacBiophotonics ImageJ, (Figure 5).

162




Journal of Kerbala University , Vol. 13 No.4 Scientific . 2015

Biological activity:

Biological activity for the ligand L and some of its complexes was test as inhibition growth
active against gram negative bacteria Escherichia coli and gram positive bacteria Staphylococcus
aureus, by method of disc diffusion. The solvent used was DMSO, and the sample concentrations
were 500 ppm, The test results obtained are listed in Table 6 and figures 6(A-C).

Table (6) The antibacterial activities of the ligand and some of its metal complexes

E.Coli Staphylococcus aureus
compound
Diameter of zone of inhibition (mm)
L 17 22
CoLAla 14 15
CoLGly 17 18

The result show that the inhibition in growth of gram positive do much of gram negative, the ligand

inhibition in the growth of bacteria do much of its complex.

3. Proposed structures for ligand(L) and its complexes with its name:

(L) N,N" -p-phenylene-bis(salicylideimine)

A

(CoLAlq) dlalanlnatotetraaqua N N -p-phenylene-bis(salicylideimine)atodicobalt(I1)

:i j CHj3

M\@; ﬁ
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(CoLGly) triaquadiglycinatochloro N, N -p-phenylene-bis(salicylideimine)dicobalt(l1) chloride

o\ A
TN ¢
2/N HZCAC/CI Cl

(NiLAla) dialaninatotriaquachloro N, N -p-phenylene-bis(salicylideimine)dinikel(11) chloride

o H

O>HZA(HCH3
PGS

HZQ\NO _—

= /

H,O i -
H2N/ \

O

Cl

H3C o

(NIiLGly) diaquadiglycinatodichloro N, N -p-phenylene-bis(salicylideimine)dinikel(l1)

>0

NH,
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(CuLAla) dialaninatotetraqua N, N -p-phenylene-bis(salicylideimine)atodicopper(I1)
O H

HCHs
o H

2 NH,

(CuLGly) triaquadiglycinatochloro N,N" -p-phenylene-bis(salicylideimine)dicopper(ll) chloride

o H

/‘ ; H
o H

NH
o\

\

A

H,O

Hz

H

\

c:/CI H:
N\

O

o

Cl

4. Conclusion

According to elemental analyses(CHN), *HNMR spectra, FT-IR spectra, UV-Vis spectra,
and magnetic moment the structural of the ligand and its complexes were proposed, from the
spectra of 'HNMR and FT-IR was clear that the group of —OH in the complexes CoLAla and
CuLAla was ionized. The molar conductance values for the complexes CoLAla, NiLGly, CuLAla
indicating the nonelectrolyte nature, and for the complexes CoLGly, NiLAla, CuLGly indicating
1:1 electrolytic nature. The morphology of complex CuLAla showed the crystalline nature very
clearly. The compounds were subjected to simultaneous thermogravimetric analysis (TGA/DTA) to
study their decomposition mechanism and thermal stability. From physical measurements and
magnetic moment was clear that the complexes were octahedral geometry.
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Figure (1) FT-IR spectra for :A( ligand(L)), B (CoLAla), C (Ni LAla), D (Cu LAla),E (Co
LGly), F (Ni LGly), G (Cu LGly)
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Figure( 2) "HNMRR spectra for :A( ligand(L)), B (CoLGly), C (Ni LAla), D (Ni LGly),E
(CuLAla
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Figure (3) TGA/DTA curves for :A( ligand(L)), B (CoLAla), C (Ni LAla), D (Ni LGly), E

(CuLAla
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Figure (4) UV-Vis spectra for :A( ligand(L)), B (CoLAla), C (Ni LAla), D (Cu LAla),E (Co
LGly), F (Ni LGly), G (Cu LGly)
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Figure (6) Biological activity results for: A( ligand(L)), B (CoLAla), C (Co LGly)
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