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Abstract:
Copper complex is synthesized from Schiff base ligand which is a new
cefotaxime derivative. The composite is characterized by molar conductance,
elemental analysis (CHNM%), FTIR, magnetic moment, UV–Vis spectrum and
thermal analysis. The complex stoichiometric ratio is found to be 1 metal : 1 ligand
ratio. The FTIR frequencies display that the Schiff base works as bidentate and
coordinated to copper ion through oxygen atoms of carboxylate and carbonyl beta
lactam group. While, the electronic transition, magnetic moment value and ESR
spectrum indicate that the Cu-composite geometry is an octahedral. Furthermore,
thermal analysis confirms the existence of methanol and water molecules in the
compound. Meanwhile, the Cu-composite is scanned against Gram (+) bacteria (B.
subtilis and S. aureus) and Gram (-) bacteria (E. coli and P. aeruginosa). The obtained
data shows that the compound has good antimicrobial activity.
Keywords: cefotaxime, metal composite, thermal analysis, antimicrobial analysis
1. Introduction:
Inorganic chemistry applications in medicinal can be observed by formation of
metal complexes represent enormous attention in the treatment of various infections
such as anticancer and antimicrobial [1]. There are different reasons to use metals in
drug development field. On whole; the adaptation of bacteria with antibiotic often
appears after time period of clinical use of a drug. Thus, metal complexes emerge as
an alternative source of antimicrobial agents [2]. Moreover, the lack of
pharmacokinetic characteristics in the ineffective therapeutic agents has stimulated
fabrication of metal base drug and using as strategy for drug delivery by changing the
drug properties such as the efficiency of distribution and adsorption to overcome these
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restrictions and improve hydrophilic and hydrophobic affinity and permeability of
pharmaceuticals [3].
Cisplatin is considered among the first successful metal complexes with
treatment ability against different tumors and has displayed high effective rate in case
of testicular tumor which prompted and opened viable area for exploration new metal
drugs for potential therapeutic applications [4, 5]. There are several non-platinum
composites that have received great attention because of catastrophic effects and lack
of selectivity which are displayed by some platinum pharmaceuticals [6, 7], for
instance; silver complexes have been used in the cure of bacterial diseases and also in
oral health and catheters, while, gold composites are applied for the inflammation of
joints treatment, in contrast, copper (II) compounds display high anticancer and
antibacterial performance with ability to involve in biological reduction-oxidation
processes, that improve the efficiency of destruction of DNA [1].
Cephalosporin antibiotics contain a beta-lactam ring in their molecular
structure (Figure 1), thus they are considered part of beta-lactam antibiotics and they
commonly used in clinical treatment for the prophylaxis and bacterial infections.
There are several generations of cephalosporin antibiotic, Streptococcus and
Staphylococcus bacteria can cause infections when enter broken skin and tissue and
lead to infections that can be treated by utilizing first-generation of cephalosporin
which has high activity against gram-positive bacteria [8]. Meanwhile, the higher
generations of cephalosporin are broad-spectrum antibiotics and have greater activity
against gram-negative bacteria than the first generation. One of the most importance
features of cephalosporin antibiotics is that due to the distinct structure of β-lactam
antibiotics, they can be used rather than penicillin antibiotics to avoid the penicillin
allergic at some patients [9].
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Figure 1. Core structure of the cephalosporins
In this study, preparation of copper complex is aimed to decline bacteria
resistance and improve antibiotic efficiency. The composite is described by elemental
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thermal

analysis.

Furthermore,

antimicrobial examination is done against Gram (+) and Gram (-) bacteria.
2. Experimental
2.1 Material and methods
Chemicals (cefotaxime sodium salt, methanol, Cu(NO 3 ) 2 .6H 2 O and DMSO) are used
with high purity and with no further purification. Elemental analysis (CHN%) are
observed by Automatic CHNS VARIO EL III (Germany) and the value of
conductivity is determined using AD8000 (Adwa instrument). while, Sherwood
balance is utilized for determination of molar susceptibility to calculate the amount of
magnetic moment. FT-IR spectrophotometer (Bruker Alpha II) and UV-visible
spectrophotometer (Evolution TM 200 series) are used for spectroscopic studies.
Meanwhile, the ESR spectrum is recorded by using X-band EMX spectrometer
(Bruker). Furthermore, TGA analysis is done by Shimadzu 60 thermal analyzer from
28 °C to 800 °C under nitrogen with heating elevation 20°C/min.
2.2 Syntheses
2.2.1 Schiff Base synthesis
The Schiff base is prepared from the reaction of cefotaxime sodium salt with
benzil in methanolic solution for 8 h (Figure 2).
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Figure 2. Reagents used for Schiff base synthesis: a. benzil and b. cefotaxime
2.2.2 Synthesis of metal complexes
The Copper complex is precipitated after addition of Cu(II) ions on the Schiff
base solution, through the following: 10 ml of methanolic Cu(NO 3 ) 2 .6H 2 O solution
(0.5 mmol) is reacted with the Schiff base under reflux for 4 hour (Scheme 1). The
copper complex is formed and precipitated in solution. The precipitate is filtrated and
washed by CH 3 OH and H 2 O several times then let dry in a desiccator.
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Scheme 1. Copper complexes preparation
2.3 Antimicrobial Study
The biological effect of the Cu-composite is examined by modified disc
diffusion technique in vitro against four types of bacteria: B. subtilis ATCC 6633 and
S. aureus ATCC 6538 (Gram (+) bacteria) and E. coli ATCC 8739 and P. aeruginosa
ATCC 27853 (Gram (-) bacteria) [10, 11]. 0.1ml of bacterium is diffused on plates
and 0.8 cm paper disk is filled with Cu-composite solution in DMSO. The disk is set
on the plate and inoculated at 35-37 oC for 24-48 h. The compound is spread from the
disk into the plate and kill bacteria around the disk, then the clear zone is measured
[12, 13].
3

Results and Discussion
The copper complex is prepared by metal-Schiff base reaction with 1:1 ratio

which is observed from elemental analysis in Table 1. The composite dissolves in
DMSO, and not with other solvents (DMF, acetone, ethanol and methanol). The low
molar conductance value displays that the prepared compound is not ionized in its
solution.

Formula
Copper II complex
[CuIIL(NO 3 ) 2 (H 2 O)(CH 3 OH)]

M.wt

colour

Melting
point (oC)

Table 1. Conductivity and elemental analysis of copper complex

907.24

green

>250

C%
Found
(Calc.)
40.72
(41.04)

Elemental analysis
H%
N%
M%
Found Found
Found
(Calc.) (Calc.) (Calc.)
3.08
(3.33)

11.25
(10.81)

6.48
(7.00)

Conductivity
ohm-1cm-1mol-1

2.68

3.1 FTIR
The obtained spectrum from the copper complex in Figure 3 displays that the
broad band at 3672-3040 cm-1 (Table 2) produces from the vibration of water
molecules, while the amide band appears at 3300 cm-1. The carbonyl groups of ester
and amide are observed at 1659 cm-1 [14]. Meanwhile, the short band at 1730 cm-1
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has been identified for beta lactam carbonyl group which is shifted from the Schiff
base observed position by 12 cm-1 [15]. The frequencies at 1359 and 1614 cm-1 are
detected in complex which are assigned to symmetric and asymmetric vibrations
respectively of the carboxylate group, whereas there are observed at 1382 and 1592
cm-1 in Schiff base spectrum, that support the involvement of carboxylate in metal
complexation through one oxygen atom [16]. Furthermore, M-O band is observed at
587 cm-1. The obtained vibrations deal with that the ligand is a bidentate and attaches
copper ion by two points, oxygen atom of beta lactam carbonyl group and oxygen
atom of carboxylate group.
Table 2. Copper complex FTIR vibrations wavenumber
IR (cm-1)
Compound

ν(NH)

ν(C=O)

ν(C=O)

amide

β-lact.

ester

3310

1729

1660

ν (COO) asy

ν(COO) sym

Δν

ν(M-O)

1613

1371

182

588

Copper II complex
[CuIIL(NO 3 ) 2 (H 2 O)(CH 3 OH)]

Figure 3. Copper complex FTIR spectrum

3.3 UV-Vis spectra
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The copper complex electronic transitions is observed by studying the uvvisible spectrum after dispersing it in water (Figure 4). The data is obtained by
Evolution TM 200 series UV-visible spectrophotometer from 200 to 1000 nm. The
observed bands at 39683 cm-1 and 32787 cm-1 are assigned to π - π* and n - π*
transitions respectively. While the d-d transition is appeared at the wavelength 697
nm that refers to 2E g → 2T 2g . Meanwhile, the calculated magnetic moment is
observed as 2.07 BM in Table 3. The electronic transition and magnetic moment
value indicate that the Cu-composite geometry is an octahedral [17, 18].
Table 3. Copper complex electronic spectrum values and magnetic moment
Compound
Copper II complex
[CuIIL(NO 3 ) 2 (H 2 O)(CH 3 OH)]

nm
252
305
697

Peak
cm-1
39683
32787
14347

assignment

μ eff

Proposed
structure

π → π*
n → π*
2
E g → 2T 2g

2.07

Oh

Figure 4. Copper complex electronic spectrum
3.4 ESR spectrum
The Cu-composite coordination structure is studied by utilizing the ESR
spectroscopy, the ESR sprctrum can give evidences about the geometry around metal
ion and its ground state orbital. The spectrum of the Cu-complex is observed at room
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temperature and is displayed in Figure 5. The g-values obtained from the spectrum
show that g|| = 2.09733 and g ┴ = 2.17397. Therefore, the values conﬁrm that the Cucomposite geometry is octahedral with compressed coordination, where g ┴ > g||, and
dz2 is the ground state [19, 20].

Figure 5. ESR spectrum of Cu-composite

3.5 Thermal analysis
The decomposition manner of the Cu-Schiff base complex in Figure 6
consists of five curved stages corresponding to the weight loss of composite during
increasing temperature (Table 4, Scheme 2). The removing of CH 3 OH (Calcd. =
3.53%) is manifested from the weight loss (found = 3.67%) of the first curve. While,
from 65 oC to 312 oC, coordinated H 2 O and NO 3 - are liberated in stage two, besides,
partially ligand decomposition with 46.67% overall weight loss (Calcd. = 46.66%).
The weight loss 18.50%, which is observed from third step between 312 oC and
361 oC, exhibits the removal of β-lactam side chain by breaking the bond between
carbonyl carbon and amino group (Calcd. = 18.42%). The final two steps appear the
decomposition of the whole ligand, where initially at 361-543 oC shows mass loss of
12.20% (Calcd. = 12.25%) and 5.96% mass loss in the next stage at 543-800 oC
(Calcd. = 6.07%). Finally, the residual of composite is recognized as CuO (Calcd. =
8.77%) and Na 2 S (Calcd. = 4.30%).
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Figure 6. Thermal analysis graph of copper complex
Table 4. Thermal analysis of the copper complex
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Mass loss %
Temp.
Range oC

O Steps
N
H
N

Compound
S
N

S

28-68O

N

H 2O O
O

O

-

O
68-312
Na+

-

Na+

46.66 N

18.5

18.42

Chemical Formula:C31H30N7S2O16Na
IV
361-543
Molecular Weight: 907.24

12.20

12.25

C 5 H 5 NOS 0.5

V

5.97

6.07

C 2 HNO

O3N OCH3
III H
312-361

S

N

C

13.00
(13.07)

68 -

312

543-800

C6H3N2O2S

O

o

Copper II complex
[CuIIL(NO 3 ) 2 (H 2 O)(CH 3 OH)]

Found
(Calcd. %)

CHO3 OH
O
O
CH3OH
H 2 OCu+ C 14 H+10 NO
+
CuO +
O 3N
Molecular
Weight
C 3 HNO
5 O 2 + 2NO
3
0.5
Na 2 S
3
32.04
N

N
O

28 - 68 oC

O

H

3.53
O N

46.67

O3N

IICu

3.67

Process

O
H2

OI

N

Residue

Chemical Formula:C30H24N5S2O8Na
Decomposition
O
Molecular
Weight: 875.20
O
Found
Calcd.
S

O

+

C17H15NO3

-

+

H2O

+

2NO3

Molecular Weight
281.31

Molecular Weight
124.01

Chemical Formula:C13H9N4S2O5Na
Molecular Weight: 451.86

H
N

S
N

Molecular Weight
18.02

N

S

O

N
O
O

O

-

Na+

312 - 361 oC

Cu

Chemical Formula:C2HNO2
Molecular Weight: 134.55
361

N

+

0.5 Na2S

Molecular Weight
55.04

S

+

N
O

Cu

+

O

Molecular Weight Molecular Weight
39.02
111.13

C2HNO

C
- 543

+

Cu

O

543 - 800 oC

C5H5NS0.5O

HN
o

0.5 Na2S
Molecular Weight
39.02

O

O

C6H3N2SO2
Molecular Weight
167.16

-

Na

+

Chemical Formula:C7H6N2S1.5O3Na
Molecular Weight: 284.70

+

CuO

Molecular Weight
79.51

Scheme 2. Suggested thermal decomposition of copper complex
3.6 Antimicrobial
The Cu-composite and its Schiff base have been scanned to estimate their
microbial activity by disc diffusion manner against Gram (+) bacteria (B. subtilis
ATCC 6633 and S. aureus ATCC 6538) and Gram (-) bacteria (E. coli ATCC 8739
and P. aeruginosa ATCC 27853). Where, the compound has affected the growth area
of all bacteria, in contrast with Schiff base which does not have an effect on B. subtilis
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(Figure 7). B. subtilis displays less affected with the lowest inhibition zone between
other microorganisms. While, the inhibition region of Cu-composite is approaching
half the effect of the cefotaxime with S. aureus and E. coli. Besides, the Cu-composite
exhibits higher clear zone than Schiff base with negative bacteria and the same
activity with S. aureus.
It is clear from the obtained results that:
1. the composite affects both of Gram-negative and Gram-positive bacteria
2. Schiff base has the lowest activity
3. the Gram (-) bacteria are more affected by Cu-composite than the Gram (+)
bacteria
4. the degree of affection for Cu-complex can be arranged as follows:
B. subtilis < S. aureus < P. aeruginosa < E. coli
5. the degree of affection for Schiff base can be arranged as follows:
B. subtilis < E. coli = P. aeruginosa < S. aureus
The obtained results in Table 5 confirms that the activity of compound is concerning
to its atoms arrangement in space that has an effect on the reactivity of this compound
with the receptor sites of microorganism proteins [21, 22]. Furthermore, the attaching
of metal with ligand by complexation technique can be able to enhancement the
antimicrobial of the Schiff base [23].

Table 5. Antimicrobial measurements of Schiff base and copper complex
Inhibition zone diameter (mm / mg)
Sample

gram positive bacteria
B. subtilis

S. aureus

E. coli

P. aeruginosa

30±0.0

22.0±0.0

24±0.0

27±0.0

Inactive

10±0.0

9.33 ±0.58

9.33 ±0.58

9.67 ±0.58

10±0.0

11.33 ±0.58

10.67±0.58

Cefotaxime
Schiff base
[CuIIL(NO 3 ) 2 (H 2 O)(CH 3 OH)]

gram negative bacteria
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Figure 7. Inhibition zone of Schiff base and its complex
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