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Abstract 

A series of ciproH antibiotic drug complexes was prepared. Cu(II), VO(II), Pd(II), Zn(II), Pt(II) and Pt(IV) are 

the metal ions used for the preparations. The chosen ions have a great history in the medicinal field which may 

introduce a sensitive antibiotic appearance in comparing with the free ciproH drug. All the prepared complexes 

are discussed briefly based on spectral ( IR, 1HNMR, 13CNMR, Uv-Vis, ESR, X- ray and SEM), thermal and 

analytical data. The ligand coordinates through its zwitterionic form as bidentate mod through COO-  and C=O 

groups. The octahedral stereo structure was prepared with Cu(II), Zn(II) and Pt(IV) ions, square planer with 

Pd(II) and Pt(II) ions however, the square – pyramidal with VO(II) ion. The amorphous nature was proposed for 

all investigated complexes based on the x- ray diffraction patterns although, the nanocrystalline appearance of 

starting ligand. Thermogravimetric analysis is also used to support the presence or absence of solvent molecules 

conjugated with the complexes isolated physically or chemically. Applying Chem- office program a suitable 

modeling structure of each investigated complex was drawn. A comparative antibacterial study was concerned 

using Gramm –ve and Gramm +ve bacteria . The data reflect the inhibiting effect of some complexes more than 

the drug itself which is considered an introductory step in introducing competitive drug. 

Key words: ciprofloxacin complexes, spectral, modeling and biological activity 

 

 

1. Introduction 

 
Several antibiotics interact with a variety of biomolecules, which may result in inhibition of the biochemical or 

biophysical processes associated with the biomolecules. This can be illustrated in the interaction of the peptide 

antibiotic polymyxin with glycolipids which affects membrane function [1]. The intercalation of the 

anthracyclines (ACs) into DNA base pairs which stops gene replication [2] in the imbedding of the lipophilic 

antibiotic gramicidin [3] and the insertion of the amphiphilic antibiotic protein into cell membrane [4] which 

disturb normal ion transport and trans-membrane potential of cells, in the inhibition of transpeptidase by 

penicillin which affects cell wall synthesis [5] and the inhibition of aminopeptidase by bestatin, amastatin, and 

puromycin which impairs many significant biochemical processes[6,7]. There are several families of antibiotics 

that require metal ions to function properly [2–7]. In some cases, metal ions are bound tightly and are integral 

parts of the structure and function of the antibiotics. Removal of the metal ions thus results in deactivation and/or 

change in structure of these antibiotics, such as bacitracin, bleomycin (BLM), streptonigrin (SN), and albomycin. 

In other cases, the binding of metal ions to the antibiotic molecules may engender profound chemical and 

biochemical consequence, which may not significantly affect the structure of the drugs, such as tetracyclines 
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(TCs), ACs, aureolic acids, and quinolones. When dealing with the interaction between drugs and metal ions in 

living systems, a particular attention has been paid to the interaction of metal ions with antibiotics. Antibiotics 

that interact with metal ions constituted a class of drugs which has been widely used in medicine both for human 

beings and animals [8,9]. In particular, the interaction between transition metals and b-lactamic antibiotics such 

as cephalexin had been recently investigated by several physicochemical and spectroscopic methods with 

detailed biological data [10–13]. Many drugs possess modified pharmacological and toxicological properties 

when  administered in the form of metallic complexes. Probably the most widely studied cation in this respect is 

Cu(II), for which a host of low-molecular-weight Cu(II) complexes have been proved beneficial against several 

diseases such as tuberculosis, rheumatoid arthritis, gastric ulcers, and cancers [14–17]. There has been a 

tremendous growth in the study of drugs from quinolone family, which began with the discovery of nalidixic 

acid some over 40 years ago. Since then, the exponential growth of this family had produced more than ten 

thousand analogues [18]. Floxacin family is considered the best of the third generation quinolone family. There 

are several reports regarding the synthesis and crystal structure of metal complexes with quinolone derivatives 

[19–22]. Quinolone antibiotics could participate in the formation of complexes in number of ways [23–27]. In 

acidic media, quinolones are usually singly and/or doubly protonated making them unable to coordinate to the 

metal cations and, in such cases, only electrostatic interaction are observed between the drug and the metal ions 

[28]. Metalloantibiotics can interact with several different kinds of biomolecules, including DNA, RNA, 

proteins, receptors, and lipids, rendering their unique and specific bioactivities. In addition to the microbial- 

originated metalloantibiotics, many metalloantibiotic derivatives and metal complexes of synthetic ligands also 

show antibacterial, antiviral, and anti-neoplastic activities which are also briefly discussed to provide a broad 

sense of the term ‘‘metalloantibiotics’’. There are several metal–floxacin complexes and their biological activity 

studies have been reported [23–28]. This study concerning with the preparation of new series of ciprofloxacin 

complexes. Elaborated investigation was carried out serving all possible tools. A comparative biological study is 

a major focus over different bacteria. An interest in this paper is developing a modular form of the effectiveness 

of antibiotics on the biological effects resulting from the interaction between the metal ions and ciproH antibiotic 

ligand. 

 

2. Experimental 

 

2.1. General reagents 

 
Ciprofloxacin (Fig.1) used in this study was obtained from the Egyptian International Pharmaceutical Industrial 

Company (EIPICO). All chemicals used for the preparation of complexes were of analytical reagent grade, 

commercially available from Fluka. Cu(NO3)2.3H2O, PdCl2, PtCl2, PtCl4, Zn(NO3)2.6H2O and VOSO4.2.5H2O 

were used without further purification. 

 

2.2. Synthesis of the complexes 

 
2 mmol of ciproH ligand suspended in 40 ml of ethanol was mixed with 2 mmol of Cu(NO3)2.3H2O, PdCl2, 

PtCl2, PtCl4, Zn(NO3)2.6H2O and VOSO4.2.5H2O in 10 ml ethanol solvent. Aqueous potassium chloride was 

added with PtCl2 and PdCl2 solutions for complete salvation. The reaction medium of VO(II) salt was carried out 
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in presence of sodium acetate to produce a slightly basic medium to isolate the complex. The reaction mixture 

was kept at 80- 90 oC for about 2 – 4 h. The product obtained was collected by filtration and washed with a 

mixture of ethanol / water (50 : 50). The product thus obtained was dried (90 oC) and then left under vacuum 

over anhydrous calcium chloride. 
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Figure 1. Structure of ciprofloxacin and its zwitterionic form. 
 

2.3. Antibacterial Investigation. 

  
The procedure described by Gupta et al. [29] was employed. The investigated isolates of bacteria were seeded in 

tubes with nutrient broth (NB). The seeded NB (1 mL) was homogenized in the tubes with 9 mL of melted (45 

°C) nutrient agar (NA). The homogeneous suspensions were poured into Petri dishes and left until solidified. 

Some holes were spread on the top of the solidified media. Holes having a diameter of 4 mm were impregnated 

with 2 X 10-3 cm3 of the test. After incubation for 24 h in a thermostat at 25 °C, the inhibition (sterile) zone 

diameters ( including disk ) were measured and expressed in millimeters. An inhibition zone diameter over 7 mm 

indicates that the tested compound is active against the bacteria under investigation. The antibacterial activities 

of the investigated compounds were tested against Klebsiella sp. and Proteus sp. (Gram - ve) and Bacillus 

subtilis (Gram + ve).  

 

2.4. Equipments 
 
Elemental analysis was carried out by using a Perkin-Elmer CHN 2400 and the metal contents were determined 

gravimetrically by ignition weighted samples in air atmosphere at 1,073 K to constant weight as the metal oxide 

forms and verified by complexometric analysis. The anion analysis was performed as follows: the complexes 

were dissolved in concentrated HNO3, and the obtained samples diluted with water to 25 cm3. The qualitative or 

quantitative analysis of Cl- and SO4 ions was performed by reactions with AgNO3 and BaCl2 solutions, 

respectively. IR spectra were recorded on a Bruker II FT-IR spectrophotometer (KBr discs) in the range from 

4,000 to 400 cm-1. 1H-NMR and 13CNMR spectra were recorded on a Varian Gemini 200 MHz spectrometer 

using DMSO-d6 as solvent. The ESR spectra of powder Cu(II) complex at 300 k were recorded on a Bruker 
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EMX Spectrometer working in the x-band (9.78 MH) with 100 kHz modulation frequency, 1 mw microwave 

power and 4G modulation amplitude. The UV-vis spectra were performed in a DMSO solvent with 

concentration (1.0 X10-3 M) and also in nujol mull for both free ciprofloxacin ligand and its complexes using a 

Jenway 6405 spectrophotometer with 1 cm quartz cells in the range of (800 to 200) nm. The effective magnetic 

moments were evaluated by applying µeff  = 2.828
Tx `

M , where XM is the molar susceptibility corrected using 

Pascal’s constants for the diamagnetism of all atoms in the ligand. Molar conductivities in DMSO at 10-3 mol 

dm-3 concentration were measured on a Jenway 4010 conductivity meter. The X-ray powder diffraction patterns 

of ciproH ligand and some of its complexes were recorded with a Rikagu diffractometer using Cu/Ka radiation.  

Scanning electron microscopy (SEM) images were taken in Joel JSM- 639OLA equipment, with an accelerating 

voltage of 20 KV. Thermogravimetry was measured (20-900 oC) on a Shimadzu TGA-50. The nitrogen flow and 

heating rate were 20 ml min-1 and 10 oC min-1.  

 

3. Results and Discussion 

 

The isolated complexes are stable in air, have high melting points (> 300 oC), insoluble in water and common 

organic solvents but are soluble in DMF and DMSO. The conductivity measurements refer to a non conducting 

feature with Cu(II), VO(II) and Zn(II) complexes but a conducting feature with Pd(II), Pt(II) and Pt(IV) 

complexes through introducing 120, 110 and 105 Ω-1cm2mol-1values. The values may propose the presence of 

two anions inonically attached with the complex sphere. Attempts to propose the structures of the isolated 

complexes come from full investigation using the following studies starting with the elemental analysis (Table 

1). 

 

3.1. IR data and bonding mod 

 
A comparative study on the IR complexes spectra with that of ciproH ligand displays the following information; 

the spectra of [Cu(NO3)2(ciproH)2]H2O , [Pd(ciproH)2]2Cl.H2O, [Zn(NO3)2(ciproH)2]2H2O, 

[Pt(ciproH)2]2Cl.H2O and [PtCl2(ciproH)2]2Cl.2H2O complexes are relatively similar (Table 2), showing  group 

of bands with different intensity at 2970 and 2820 cm-1.  
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           Table 1. Analytical data for ciproH ligand complexes 

 

 

These bands can be assigned to the vibration of the quaternized nitrogen of the piperazinyl group which indicates 

the zwitterionic form of ciproH is involved in coordination to the metal ions [30] except [VO(ciproH)2]2H2O 

complex displays a complete obscure for quaternized nitrogen bands. Such is verifying the coordination of cipro 

ions due to the presence of acetate anion in the reaction medium.  New absorption bands appeared at ≈  3420 and 

≈  1360 cm-1 in the spectra of all complexes and are attributed to lattice water molecules (υ and δOH, 

respectively). This suggestion was also supported by thermal analysis. The bands observed at 1775, 1720 and 

1669 cm-1 in the spectrum of the free ciproH have been assigned to the stretching vibrations of the carboxylic 

(COOH) and the carbonyl (υC=O) groups, respectively [31–33]. The asymmetric stretching carboxylate bands 

appear at 1647, 1623, 1618, 1647 and 1642 cm-1 for the Cu(II), VO(II), Zn(II), Pt(II) and Pd(II), Pt(IV) 

complexes, respectively. The spectra of the complexes also show medium to strong intense bands near 1450 and 

1380 cm-1. These bands are most likely to the symmetric vibration of NO3
- and ligated COO- group. However, 

the peak observed at 1612 cm-1 in the IR spectrum of VO(II) complex indicates that assignment of this band to 

the asymmetric stretch υas(COO-) of carboxyl group is doubtful [34]. The carboxylato group can act as a 

unidentate, bidentate or bridging ligand and distinction between these binding states can be made from the 

frequency separation [∆υ= υas(COO-)- υs(COO-)] between the symmetric and asymmetric stretching of this group 

[34]. Unidentate carboxylato complexes exhibit ∆υ values around 200 cm-1 and for bidentate or chelating 

carboxylato complexes ∆υ is smaller than ionic value (∆υ <100 cm-1); bridging complexes show ∆υ around 150 

cm-1. The observed ∆υ for the complexes are around 200 cm-1, table 2, suggesting a unidentate interaction of the 

carboxylate group. The υ(CO) in the spectrum of ciproH is at 1630 cm-1 as a shoulder. In the spectra of 

complexes, the υ(CO) bands are slightly effected by the interaction with metal ions and appear at 1620, 1623, 

1625, 1625, 1620 or 1625 cm-1with Cu(II), VO(II), Zn(II), Pd(II), Pt(II) and Pt(IV), respectively. Similar 

behavior has been observed in several quinolone-metal ion complexes [33, 34]. The coordination of metal ions 

via carboxylate or carbonyl group is confirmed by the υ (M–O) bands nearly 550 cm-1 with each metal ion.  

Accordingly, the ciproH acts as a bidentate ligand through the oxygen atom of the carbonyl group and one from 

Compound 

Empirical formula                     Color 

              Elemental analysis (%) Calcd. (Found)  

ᴧ               C 

(Ω-1cm2 mol-1)   

 H  N   M   Cl 

1) [Cu(NO3)2(ciproH)2]H2O      Green 
    20         47.03(47.21) 4.41(4.44) 12.90 (12.91) 7.32(7.27) ------ 

2) [Pd(ciproH)2]2Cl.H2O           yellow 
  120        47.59(47.58) 4.46(4.50) 9.79(9.78) 12.40(12.38) ………….. 

3) [VO(ciproH)2]2H2O               Green 
     35         58.19(58.10) 5.01(4.98)   11.01(11.11)   6.67(6.68) ------- 

4) [Zn(NO3)2(ciproH)2]2H2O     White 
    33          45.98(45.89) 4.54(4.53) 12.62(12.61) 7.36 (7.35) ………… 

5) [Pt(ciproH)2]2Cl.H2O            Orange 
110        43.14(43.12) 4.05(4.06) 8.88(8.83) 20.61 (20.60)  7.49(7.48) 

6) [PtCl2(ciproH)2]2Cl.2H2O      Yellow 
    105       39.43(39.44)           3.89(3.88)     8.11(8.11) 18.84(18.83) 13.69(13.68) 
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carboxylate group. The infrared spectra of the prepared complexes display changes in the aromatic ring 

vibrations in comparison to the corresponding absorption bands of free ciproH. 

Table 2. Assignments of the IR Spectral bands (cm-1) of ciproH and its metal complexes 

 

 

3.2.1HNMR and 13CNMR spectra 

 

 
The 1HNMR spectra are further support the assignment of the coordination modes. The spectra of Zn(II) and 

Pt(IV) complexes were carried out in DMSO-d6 solvent (Fig. 2, a and b). Upon investigation of the free ligand 

spectrum, the absence of a signal appeared at ≈11 ppm assigned to the carboxylic OH. This supports the major 

presence of zwitterionic structure. Signals for down shifted pyridine –CH…O as a singlet at δ =8.8 (s, 1H), 

aromatic F-C-CH=  at 7.31 ( 1H), a signal at 5.33 (s, 1H, Ar CH), signals of piperazine at ≈ 3.84 (m, 8H), signal 

at 2.51 for +NH2 and signals of cyclopropan at 1.45 – 1.57(m, 5H). The spectrum [Zn(NO3)2(ciproH)2] 2H2O 

complex  confirms the coordination of cipro ligand in its zwitter ionic form. Due to the different chemical 

environments, a higher shift of pyridine CH supports the decomposition of intraligand H- bonding after the 

coordination of COO-. A signal is recorded for the quaternized nitrogen (–+NH2) at δ= 2.50 ppm. The peak at δ= 

3.55 ppm can be assigned as coming from the water molecules of hydration, which were not detected in the 

spectrum of the free cipro ligand. Peaks at δ= 7.28 and 7.26 ppm may be assigned to aromatic CHs. The Pt(IV) 

complex spectrum display peaks at δ= 9.5, 7.28-7.38, 3.52, 2.57, 2.2 and 1.2-1.8 ppm assigned to pyridine, F-C-

CH(2H), piperazine, +NH2, H2O and cyclopropane. The 13CNMR spectra of ciproH ligand and its corresponding 

CiproH Cu(II) VO(II) Pd(II) Zn(II) Pt(II) Pt(IV) Assignments 
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Zn(II) and Pt(IV) complexes reveals some information about the mode of bonding as well as the geometry of 

compounds supporting the IR data. The signal observed with the free ligand at δ 170.31, 126.37–129.02, 74.31, 

57.53- 66.75 and  27.6 – 41.42 ppm for pyridine C=O, benzene C=C, carboxylic, piprazine and cyclopropane, 

respectively. The absence of an observable shift of carbon signals in the spectra (Fig. 3,a; b) of the two 

complexes confirms the disappearance of any rearrangement with the ligand body during the complexation in 

between the aromatic carbon signals observed in the range δ =126.37–129.02 ppm are remaining almost in the 

same position. This is expected behavior with ciproH compound. 

 

 
(a) 

 

 
(b) 

 
Figure 2. 1HNMR Spectra of, a) Pt(IV) ; b) Zn(II) complexes 
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(a) 

 

 
(b) 

 

Figure 3. 13CNMR Spectra of, a) Pt(IV) ; b) Zn(II) complexes 

 

3.3. Electronic spectra and the magnetic measurements 

 
Electronic spectra of the complexes and ciproH ligand were recorded in the 200–800 nm region in DMSO (Table 

3). Two peaks appeared at 35,188 (band I) and 25,974 cm-1 (band II) in the ligand, attributed to n→π* and π →π*  

transitions (these transitions occur in case of unsaturated hydrocarbons which contain carbon atom attached with 

oxygen atom as in carboxylic and carbonyl groups). The electronic spectra of the complexes show that the two 

bands I and II in the electronic spectra are affected, obviously suggesting that the ligand has attached by a 

zwitterionic form. The copper(II) complex spectrum displays peak at 288 nm has hyperchromic effect to high 

absorbance than the ligand, and it should be assigned to carboxylic and carbonyl groups are involving in the 

complexation. An observable band at 14.881 cm-1 is assigned to 2Eg→
2T2g transition, where that at 26,590 cm-1 

may assign to O→Cu(II) [35] charge transfer. The normal magnetic moment (1.84 BM)value with the presence 

of orbital- orbital contribution obviously observed with O-bonded complexes [36]. The spectra of the Zn(II) 
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complex, the two bands are hypochromically affected obviously, suggesting that the ligand has attached by a 

zwitterionic form. The results clearly indicate that the ligand coordinates to the metal(II) ions via carboxylic and 

carbonyl groups, which is in accordance with the results of the FT-IR spectra. The VO(II) complex spectrum 

displays a well defined band observed at 11.890 cm-1 and assigned to 2B2→
2E(ν2) in a square-pyramidal 

configuration [37] by µeff = 1.71BM. It was proposed earlier [38] that the band at 980 cm-1 in the i.r. spectra of 

the VO2+ complexes is characteristic for the aforementioned structure. The present complex shows this band at 

994 cm-1. The color (green) may be considered as a further evidence for such postulation. The spectra of Pd and 

Pt(II) complexes display three d–d spin allowed corresponding to the transitions from the three lower lying ‘d’ 

orbital to the empty dx2−y2 orbital. The 1A1g ground state and the excited states corresponding to the above 

transitions are 1A2g ,1B1g and 1E1g in order of increasing energy. These d–d transition bands in the regions, 

19,801, 20,833; 23,509, 24,038 and 28,571, 27,624 cm−1 attributed to 1A1g→
1A2g, 

1A1g→
1B1g and 1A1g→

1E1g 

transitions, respectively. Three different orbital parameters ∆1, ∆2, ∆3 have also been calculated by first using the 

correlation, for the Slater–Condon interelectronic repulsion parameters and subsequently the equations suggested 

by Gray and Ballhausen [39]. The υ2/υ1 were also calculated and are in close agreement with data reported 

earlier for the square planar geometry [40]. The electronic spectrum of  Pt(IV) complex displays an observable  

n→π* band at 28,230 cm−1. The band at 22,680 cm−1 may be due to LMCT. Previous studies proved that the 

band in the region 25,000–26,040 cm−1 is assignable to S(σ)→Pt(IV) transition, the 20,600 cm−1 band is due to 

S(π)→Pt(II) transition [41,42] whereas the band at 21,790–24,750 is due to O→M(II) which is coincide with the 

study results. Table 3 shows the spectral bands of the investigated complexes. The spectra displayed charge 

transfer and spin allowed transitions correlated with an octahedral geometry [43]. 

Table 3. Magnetic moments (BM) and electronic spectra bands (cm-1) of the complexes 

 

 

 

 

 

 

Complex µeff  (BM) d-d transition 

( cm-1) 

Intraligand and charge transfer 

( cm-1) 

1) 1.84 14.881 26,590 ; 28,571 ; 23,809 

2) 0.0 ---- 19,801; 23,509; 28,571 

3) 1.71 11.890 30,303 ; 23,256 

4) 0.0 ---- 35,714; 30,303 

5) 0.0 ----- 20,833; 24,038 ; 27,624 

6) 0.0 ----- 28,230 ; 22,680 
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3.4. ESR spectrum of Cu(II) complex 

The spin Hamiltonian parameters for Cu(II) complex (S=1/2, I = 3/2) were calculated (Table 4). The g tensor 

values can be used to derive the ground state. In square-planar or square pyramidal complexes, the unpaired 

electron lies in the dx2-y2 orbital giving 2B1g as the ground state with g11>g┴ >2.0023, while giving 2A1g with 

g┴>g11>2.0023 if the unpaired electron lies in the dz
2 orbital. From the observed values, g11(2.4) > g┴ (2.08) > 

2.0023 indicating that the copper site has a dx
2

-y
2 ground state characteristic of a square pyramidal or octahedral 

geometry [44]. In axial symmetry, the g values are related by: G = (g11-2.0023)/(g┴-2.0023) = 4, if G > 4, the 

exchange interaction between copper(II) centers in the solid state is negligible, whereas when G < 4, a 

considerable exchange interaction is indicated. The G value of the complex (5.1) suggests the absence of 

exchange coupling between copper(II) centers in the solid state [45] supporting mononuclear structures. The 

tendency of A11 to decrease with increasing g11 is an index for the increase of the tetrahedral distortion in the 

coordination sphere of Cu [46]. In order to quantify the degree of distortion of the Cu(II) complexes, the f factor, 

g11/A11, (an empirical index of tetrahedral distortion) [47] was selected from the ESR spectrum. Although its 

value ranges between 105 and 135 for square planar complexes, the values can be much larger in the presence of 

a tetrahedral distorted structure. For the investigated complex, the g11/A11 quotient is 171 cm-1 supporting the 

presence of significant dihedral angle distortion in the xy-plane and indicating a tetrahedral distortion from 

square-planar geometry. Molecular orbital coefficients, α2(covalency of the in-plane σ-bonding) and β2 

(covalency of the in plane π-bonding) were calculated [48,49]. The α2 value (0.75) is found lower than β2 (0.88) 

indicating the ionic character of σ-bonding and π−bonding. The data agree with other reported values [50]. 

Superhyperfine structure is seen at higher field, supports an interaction of the nuclear spins of the C=O with the 

electron density on Cu(II). Furthermore, it has been reported that g11 is 2.4 for copper-oxygen bonds and 2.3 for 

copper-nitrogen bonds; in the studied complex, the g11 is 2.4 in conformity with oxygen metal bonds. Finally, the 

powder e.s.r (Fig.5 ) spectrum of the copper(II) complex as well as the g values agree with  distorted octahedral 

complex [51 
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Table 4. ESR data of Cu (II) complex at room temperature 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. The structural formula of investigated complexes 
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171 (1) 2.40 2.08 2.187 140.4 5.12 0.75 0.887 
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Figure 5. ESR Spectrum of Cu(II)- ciproH complex. 

3.5. Thermogravimetric analysis 

The decomposition stages, temperature ranges, proposed decomposition products as well as the calculated and 

found weight loss percentages of the complexes are presented in Table 5. In most investigated complexes, the 

first decomposition stage is attributed to the removal of hydrated water molecules. In [Cu(NO3)2(ciproH)2]H2O 

complex, the TG and DTG curves show four decomposition stages started at 50˚C and ended at 620˚C. The 

complex reveals a lower thermal stability appeared by a sudden decomposition at 50 oC by 2.02 % weight loss 

corresponding to the elimination of hydrated H2O molecule. The second and third endothermic decomposition 

stages started at 170 and 260˚C corresponding to the removal of HL and HL-O molecules by 38.16 and 36.52% 

weight losses, respectively. The final degradation stage started at 550˚C is translated to the removal of 2(NO3) by 

13.67% weight loss, lefts CuO at ≈ 620˚C as a residual part. The gradual degradation stages for 

[Pd(ciproH)2]2Cl.H2O complex started at 35˚C and attributed to the expel of H2O +Cl2 by 10.28% weight loss. 

The second and third endothermic decomposition stages started at 180 and 390˚C corresponding to the stepwise 

removal of two ligand molecules by 38.61 and 38.52% weight losses, respectively, lefts Pd at ≈ 600˚C as a 

residual part. The gradual degradation stages representing in TG and DTG curves for [VO(ciproH)2]2H2O 

complex started at 50˚C for the first degradation stage is attributed to the removal of  2H2O by 4.62% weight 

loss. The second and third endothermic decomposition stages started at 120 and 360˚C corresponding to the 

stepwise removal of L and C14H17FN3 molecules by 43.12 and 31.61% weight losses, respectively, lefts 

(VOC3O3H) at ≈ 510˚C as a residual part. The gradual degradation stages representing in TG and DTG curves 

(Fig. 6) for [Zn(NO3)2(ciproH)2]2H2O  complex started with sudden decomposition at low temperature 42˚C 

referring to the expel of  two hydrated H2O molecules by 4.25% weight loss. The second and third endothermic 

decomposition stages started at 175 and 405˚C corresponding to the stepwise removal of HL + HL-O and 2(NO3) 

molecules by 72.62 and 13.50 % weight losses, respectively, lefts ZnO at ≈ 575˚C as a residual part. The gradual 

degradation stages representing in TG and DTG curves (Fig. 6) for [Pt(ciproH)2]2Cl.H2O complex started with 
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sudden decomposition at 50˚C reflecting the thermal instability referring to crystall water molecule expelled with 

Cl2 by 9.42% weight loss. The second and third endothermic decomposition stages started at 150 and 360˚C 

corresponding to the stepwise removal of HL and HL-O molecules by 35.10 and 33.24 % weight losses, 

respectively, lefts PtO at ≈ 590˚C as a residual part. The gradual degradation stages representing in TG and DTG 

curves (Fig. 6) for [PtCl2(ciproH)2]2Cl.2H2O complex started with sudden decomposition at 59 ˚C reflecting the 

thermal instability referring to the expel of 2H2O + 2HL + Cl2 molecules by 74.67 % weight loss. The second 

endothermic decomposition stage started at 470˚C corresponding to the removal of two chloride molecules by 

7.19 % weight losses, lefts Pt atom at ≈ 600 ˚C as a residual part. 
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Figure 6. The TG,  DrTG curves of ; a) Pt(II), b) Pt(IV) and C)  Zn(II) complexes 
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Table 5. Thermogravimetric analysis data of all investigated complexes 
 

Complex Steps Temp. range (°C) 
 

Decomposed 
assignments 

Weight loss 
Found (Calcd. %) 

(1) 1st 
2nd 
3rd 
4th 

residue 

50 – 150 
170 – 260 
260 – 550 
550 – 620 

- H2O 
-HL 

- HL-O 

-2 (NO3) 
CuO 

 

2.02 (2.07) 
38.16 (38.16) 
36.52 (36.32) 
13.67 (14.28) 
9.63 (9.16) 

(2) 1st 
2nd 
3rd 

residue 

35 – 180 
180– 390 
390 – 600 

 

-H2O+ Cl2 
- HL 
- HL 
Pd 

10.28(10.36) 
38.61 (38.62) 
38.52 (38.62) 
12.59 (12.40) 

(3) 
 

1st 
2nd 
3rd 

residue 

50– 120 
120 – 360 
360 – 510 

 

-2H2O 
- L 

- C14H17FN3 
(VOC3O3H) 

4.62 (4.72) 
43.21 (43.26) 
31.61 (32.25) 
20.56 (19.77) 

(4) 1st 
2nd 
3rd 

residue 

42 – 175 
175 – 405 
405 – 575 

 

-2H2O 
- HL +HL-O 

- 2(NO3) 
ZnO 

4.25 (4.06) 
72.62 (72.82) 
13.50 (13.96) 
9.63 (9.16) 

 
(5) 1st 

2nd 
3rd 

residue 

50 – 150 
150 – 360 
360 – 590 

 

- H2O+ Cl2 
- HL 

- HL-O 
PtO 

9.42 (9.39) 
35.10 (35.0) 
33.24 (33.31) 
22.24 (22.29) 

 
(6) 1st 

2nd 
residue 

59 – 470 
470 – 600 

 

- 2H2O + 2HL + Cl2 
- 2 Cl2 

Pt 

74.67(74.32) 
7.19 (6.85) 

18.14 (18.84) 

 

 

3.6. Kinetic studies 

 
In order to assess the effect of metal ion on the thermal behavior of the complexes, the order n, and heat of 

activation E of suitable decomposition stages were determined from the TG and DTG (Table 6) curves. Three 

complexes are discussed as an example to emphasis on the degree of thermal stability during the degradation 

process. Several equations [52-59] have been proposed as means of analyzing TG curves and obtaining values 

for kinetic parameters. Many authors [52-55] have discussed the advantages of this method over the 

conventional isothermal method. The rate of decomposition process can be described as the product of two 

separate functions of temperature and conversion (2), using : 

 

 = k(T ) f (α)                                                                 (1) 

Where α is the fraction decomposed at time t, k(T) is the temperature dependant function and  f(α) is the 

conversion function dependent on the mechanism of decomposition. The temperature dependent function k(T) is 

of Arrhenius type and can be considered as the rate constant k,  

K = A e-E*/ RT                                                                          (2) 

dα

dt
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Where R is the gas constant in (J mol-1 k-1) substituting equation (2) into equation (1) we get this equation :   

                                 

                                                    (3)                  

                           

Where φ is the linear heating rate dT /dt. From the integration and approximation, this equation can be 

obtained in the following form :                                                          

*
ln ( ) ln

*

E AR
g

RT E
α

ϕ

 −
= +  

 
 

Where g(α) is a function of α dependant on the mechanism of the reaction. The integral on the right hand side is 

known as temperature integral and has no close for solution. So, several techniques have been used for the 

evaluation of temperature integral. Most commonly used methods for this purpose are the differential method of 

Freeman and Carroll [52] integral methods of Coat and Redfern [54], the approximation method of Horowitz and 

Metzger [59]. The kinetic parameters for the cipro complexes are evaluated using the following methods and the 

results are in good agreement with each others. The used methods are discussed briefly: 

3.6.1 Coats – Redfern equation 

The equation is a typical integral method, represented as : 

2

10

*
exp

(1 )

T

n

T

d A E
dt

RT

α
α

α ϕ

− 
=  

−  
∫ ∫  

For convenience of integration the lower limit T1 is usually taken as zero. This equation on integration gives : 

( )
2

ln 1 *
ln ln

*

AR E

T E RT

α

ϕ

− −   
= −   

  
 

A plot of ( )
2

ln 1
ln

T

α− − 
 
 

(LHS) against 1/T was drawn (Fig. 7). E* is the energy of activation in Jmol-1 and 

calculated from the slop and A is (S-1) from the intercept value. The entropy of activation ∆S* in (J K-1mol-1) 

was calculated by using the equation : 

 * ln
B s

Ah
S R

K T

 
∆ =  

 
                                                              (4) 

Where kB is the Boltzmann constant, h is the Plank’s constant and Ts is the DTG peak temperature [59] 

3.6.2 Horowitz – Metzger equation 

The authors derived the relation : 

( )ln ln 1
m

E

RT
α− − = Θ                                                     (5) 

Where ,α  is the fraction of the sample decomposed at time t and
m

T TΘ = − . 

A plot of ( )ln ln 1 α− −     against Θ (Fig. 7) was found to be linear, from the slope of which ,E  was 

calculated and Z  can be deduced from the relation : 

dα

dT

A

ϕ e-E* ⁄RT
( )= ƒ(α)
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2
exp

m m

E E
Z

RT RT

ϕ  
=  

 
                                                           (6)  

Where ϕ  is the linear heating rate, the order of reaction, n, can be calculated from the relation : 

2 3 4 533.64758 182.295 435.9073 551.157 357.3703 93.4828m m m m mn α α α α α= − + − + −  (7) 

Where 
m

α  is the fraction of the substance decomposed at 
m

T . 

The entropy of activation, ∆S*, was calculated from equation (4). The enthalpy of activation ∆H*, and Gibbs 

free energy, ∆G*, were calculated from; ∆H* = E* -RT and ∆G* = ∆H* - T∆S*, respectively. The data tabulated 

reveals the following observations: (i) the activation energy E, increases somewhat through the degradation steps 

revealing the high stability of the remaining part suggesting a high stability of complexes characterized by their 

covalence, (ii) the negative ∆S* values, indicates the activated fragment has ordered structures (iii) the positive 

∆H* reflects the endothermic decomposition process, (iv) the positive ∆G* singe reveals that the free energy of 

the final residue is higher than that of the initial compound, and the decomposition stages are non – spontaneous. 

This results from increasing T∆S* clearly from one step to another which override the values of ∆H* reflecting 

that the rate of removal of the subsequent species will be lower than that of the precedent one [60]. 
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Figure 7.Coats Redfern (CR) and Horowitz–Metzger (HM) plots of the ligand and it’s, 
a) Pt(II), b) Pt(IV) and C)  Zn(II) complexes 

 

 

3.7. Scanning electron micrography 
The morphology and particle size of some investigated complexes were obtained from scanning electron 

micrography (SEM). Cu(II) and Pt(II) complexes have the same shapes (Fig. 8 a,b). It is clear that these 

complexes have uniform matrix and homogeneity. The SEM of the two complexes displays the same sized 

slightly crystalline particles (5 µm) and ships. The surface morphology micrograph reveals the well sintered 

nature of the complexes. Clear large grains are obtained with agglomerates for all complexes. The distribution of 

the grain size is homogeneous except for Pt(IV) complex (Fig. 8c), The complex particles are fused to each 

other’s which prohibit to justify about crystallinity. Such reflects the amorphous presence coincide with X-ray 

diffraction pattern. 

                       \ 

 

  
(a) 
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(b) 

 
(c) 

Figure 8.  SEM images of , a) Cu(II),b) Pt(II) and C) Pt(IV) complexes 
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Table 6. Kinetic parameters using the Coats – Red fern ( CR) and Horowitz – Metzger 

                                       ( HM) operated for the complexes. 

Compounds 
 
 

DTGmax steps Thermodynamic parameters 
 

           CR 
 

HM                Units 

Pd(II) complex 195oC 
 
 

1st 

E 
A 
∆S 
∆H 
∆G 
r 

4.90E+04 
7.90E+04 

-1.54E+02 
4.65E+04 
9.90E+04 

0.9720 
 

5.08E+04     J mol-1 
5.72E+05     s-1 
-1.38E+02    Jmol-1K-1 
4.80E+04     J mol-1 
9.55E+04     J mol-1 

0.9712 

Zn(II) complex 366 oC 
 
 

2nd 

E 
A 
∆S 
∆H 
∆G 
r 

1.03E+05 
4.20E+05 

-1.46E+02 
9.50E+04 
1.94E+05 

0.9956 
 

1.25E+05 
1.85E+07 
-1.15E+02 
1.22E+05 
1.92E+05 
0.9975 

Pt(IV)complex 413 oC 
 
 

2nd 

E 
A 
∆S 
∆H 
∆G 
r 

6.10E+04 
5.30E+03 

-1.79E+02 
5.66E+04 
1.53E+05 

0.9973 

7.77E+04 
4.60E+05 
-1.43E+02 
7.35E+04 
1.44E+05 
0.9925 

r = correlation coefficient of the linear plot. 
 

3.8. X – ray powder diffraction of the ligands and their complexes   

 
 X – ray powder diffraction patterns in the ϴ  ̊˂2ϴ ˂ 60  ̊of ciproH ligand (Fig. 9) and its metal complexes were 

carried out in order to give an insight about the lattice dynamics of these compounds. The x – ray powder 

diffraction obtained reflects a shadow on the fact that each solid represents a definite compound of a definite 

structure which is not contaminated with starting materials. The pattern appearance of ciproH ligand is proposed 

a nanocrystalline nature, which identified through observing smooth peaks, but all investigated complexes are 

displaying less intense broad peaks for amorphous nature (Pd(II) as example). The somewhat difference 

observed with the appearance of Cu(II) and Pt(II) complexes with SEM may refer to the slight crystallinity of the 

surface particals. 
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(a) 

 

 
(b) 

 
Figure 9.  The X- ray Diffraction patter of, a) free ligand and b) Pd(II) complex 

 
 

3.9. Molecular modeling of complexes 

 

An attempt to gain a better insight on the molecular structure of the ligand and its complexes geometry 

optimization and conformational analysis has been performed by the use of MM+ force field implementing 

software Chem Office Ultra- 7. Molecular modeling had been successfully used to detect three dimensional 

arrangements of atoms in complexes (Fig. 10). The total internal energy for all complexes were calculated and 

the following arrangements starting with the most stable one; Zn(II)= 92.4942, Cu(II) =  94.2101, VO = 94.709, 
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Pd(II) = 123.2881,Pt(IV)  = 124.2628, Pt(II) = 126.4390 kcal/mol. The stability proposed based on the theoritical 

calculation is going in a parrallel with the invers relation towards the metal ion size.  
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Fig. 10. The molecular modeling drown theoretically for investigated complexes 
 

3.10. Antimicrobial studies 
 
Biological studies were observed in term anti-microbial activities of target compounds against gram-positive 
(Bacillus sp) and gram-negative (Klebsiella sp. and Proteus sp). Results from the agar disk diffusion tests for 
anti-microbial activities of target compounds are presented in Table 7 and an explanation graph in figure 11. 
Generally speaking the antimicrobial activities were scored according to the Clinical Laboratory and Standards 
Institute (CLSI) and classified into three categories: R: resistant microbe (the diameter of the zone of inhibition 
equal 1.4 Cm or less), I: intermediate sensitive microbe(the diameter of the zone of inhibition ranges from 1.5-
1.7Cm) and S: sensitive microbe to the tested agent (the diameter of the zone of inhibition is more than 1. 8 Cm). 
From the data presented in Table 7 it was found that Bacillus sp., Proteus and klebsiella  are  sensitive to the 
most of complexes. Some complexes showed bacteriostatic activity, meaning the complex initially suppressed 
the growth of the target microbe in the immediate contact vicinity for about 24 hours, then the complex degrades 
fast and the inhibited microbes resume growth in the same vicinity. The most reasons for the inhibition action of 
tested compounds may be due to their interactions with critical intracellular sites causing the death of cells. The 
variety of anti-microbial activities of tested compounds may due to different degree of tested compounds 
penetration through cell membrane structure of target organism. In conclusion, The effective antibiotic behavior 
was shined with the free ciproH ligand which is considered a normal behavior, but the priority of Zn, Pt(II) and 
Pt(IV) complexes in comparing with the free ligand is considered new. Such results may offer new antibiotic 
drugs serve distinguish than the introduced antibiotic (ciproH) drug in the medicinal field. 
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Table 7. The values of zone inhibition of bacteria for the ligand and its metal complexes. 

       

 

 

 

 

 

 

 

 

                   R : resistant ; I : intermediate ; S: sensitive 

 
 

Figure 11. The graphical relation of diameter inhibition zone with the tested compounds for 
                         biological investigation.           
 

References 

 
[1] S.A. David, K.A. Balasubramanian, V.I. Mathan, P. Balaram, Biochim. Biophys. Acta 1165 (1992) 145. 
[2] (a) J.W. Lown, Chem. Soc. Rev. 22 (1993) 65; 
(b) D.R. Phillips, C. Cullinane, H. Trist, R.J. White, In vitro transcription analysis 
of the sequence specificity of reversible and irreversible complexes of adriamycin with DNA, in: B. Pullman, J. 
Jortner (Eds.), Molecular Basis of Specificity in nucleic acid–drug interactions, Springer, Berlin, 1990, pp. 137. 
[3] J.F. Hinton, R.E. Koeppe, Biol. Syst. 19 (1985) 173. 
[4] M.W. Parker, F. Pattus, A.D. Tucher, D. Tsernoglou, Nature 337 (1989) 93. 
[5] (a) T. Oka, K. Hashizume, H. Fujita, J. Antibiot. 33 (1980) 1357; (b) J.M. Frere, J.M. Ghuysen, P.E. 
Reynolds, R. Moreno, Biochem. J. 143 (1974) 241. 
[6] (a) H. Umezawa, M. Ishizuka, H. Suda, M. Hamadam, T. Takeuchi, J. Antibiot. 29(1976) 97; (b) H. 
Umezawa, M. Ishizuka, T. Aoyagi, T. Takeuchi, J. Antibiot. 29 (1976) 857. 
[7] T. Osada, S. Ikegami, K. Takiguchi-Hayashi, Y. Yamazaki, Y. Katoh-Fukui, T. 
Higashinakagawa, Y. Sakaki, T. Takeuchi, J. Neurosci. 19 (1999) 6068. 

Compound 

Zone of inhibition (mm) 

Bacillus Sp. 
Gram (+)  

Klebsiella sp.                   Proteus sp.        
                        Gram (-) 

ciproH 
Cu(II) 
Pt(II) 
Pd(II) 

VO(II) 
Pt(IV) 
Zn(II) 

2.0S 
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